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(54) GREASE COMPOSITION AND ROLUNG DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a grease composition 
excellent in heat resistance, electric conductivity and bio- 
degradability, and a rolling device having electric conductivity 
and a long life even by being used under severe conditions such 
as a high temperature, high speed and heavy load, and hardly 
exerting influence to water quality, soil, etc., even on being 
released in the natural environment. 

SOLUTION: This rolling device is provided by filling the grease 
composition 27 containing carbon black and a second thickening 
agent component (a calcium sulfonate complex, a polyurea, a 
metal complex soap or an N-substituted terephthalamic acid 
metal salt) as the thickening agents and a neopentyl type polyol 
ester oil as a base oil in the gaps of ball bearings 21 of the 
rolling device. 
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1 This document has been translated by computer. So the translation may hot reflect the original 
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2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

The grease constituent characterized by having constituted said thickening agent from carbon black and 
a second thickening-agent component, and making said second thickening-agent component into 
calcium sulfonate complex, poly urea, metal compound soap, or N-permutation terephthalamide acid 
metal salt in the grease constituent containing base oil and a thickening agent. 
[Claim 2] 

the grease constituent according to claim 1 characterized by having come out with carbon black 5-95 
mass %, and said second thickening-agent component 95-5 mass %, and constituting said thickening 
agent. 
[Claim 3] 

The grease constituent according to claim 1 or 2 characterized by making the content of said thickening 
agent into three to 40 mass [ of the whole constituent ] %. 
[Claim 4] 

Said calcium sulforiate complex is a grease constituent according to claim 1 to 3 which uses calcium 
sulfonate and a calcium carbonate as an indispensable component, and is characterized by blending two 
or more sorts in calcium dibehenate, calcium distearate, calcium djhydroxy stearate, boric-acid calcium, 
and calcium acetate with these. 
[Claim 5] 

The grease constituent according to claim 4 characterized by making the base number of said calcium 
sulfonate into 50 - 500 mgKOH/g. 
[Claim 6] 

The grease constituent according to claim 1 to 5 characterized by having set 100ml / lOOg or more, and 
primary particle size to less than lOOnm, and setting specific surface area for the DBP oil absorption of 
said carbon black to more than 50m2 / g. 
[Claim 7] 

It is the grease constituent according to claim 1 to 6 which said base oil contains the neopentyl mold 
polyol-ester oil, and is characterized by the content being more than 80 mass % of the whole base oil. 
[Claim 8] 

The grease constituent according to claim 7 characterized by making the content of said thickening 
agent into three to 20 mass [ of the whole constituent ] %. 
[Claim 9] 

The grease constituent according to claim 7 or 8 characterized by whenever [ biodegradation / which 
was specified to L-33-T-82 of the Europe specification advisory committee specification ] being 80% or 
more. 
[Claim 10] 

In the rolling equipment equipped with a way member, the method member of outside which has the 
orbital plane which counters the orbital plane of this inner direction member, and has been arranged 
outside the method member of said inside at the way, and two or more rolling elements arranged free 
[ rolling ] among said both orbital planes while it has an orbital plane outside Rolling equipment 
characterized by filling up with a grease constituent according to claim 1 to 9 the opening circles in 
which it was formed between the method member of said inside, and the method member of said 
outside, and said rolling element was arranged. 
[Claim 11] 
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Rolling equipment according to claim 10 characterized by being anti-friction bearing used for business 
machines, such as a copying machine and a printer 
[Claim 12] 

Rolling equipment according to claim 10 characterized by being antiHriction bearing used for automobile 
engine auxiliary machinery, such as anti-friction bearing used for automobile electric equipment articles. 
SLfch as an AC dynamo and an electromagnetic clutch, or an idler pulley. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the grease constituent excellent in thermal resistance, conductivity, and 
biodegradability, and relates to an usable grease constituent especially at the grease constituent 
excellent in thermal resistance and conductivity, and a list suitable for the lubrication of rotation parts, 
such as a business machine, an automobile electric equipment article, and automobile engine auxiliary 
machinery, or a sliding part 
[0002] 

Moreover, even if this invention is used under the severe conditions of an elevated temperature, a high 
speed, and the Takani pile, it is used under long lasting rolling equipment and the above severe 
conditions, is long lasting and is emitted to natural environment, it relates to the rolling equipment which 
cannot have a bad influence on water quality, soil, etc. easily, and it relates to usable anti-friction 
bearing especially suitable for a business machine, an automobile electric equipment article, automobile 
engine auxiliary machinery, etc. 
[0003] 

[Description of the Prior Art] 

In OA equipment especially a copying machine, a printer, etc., since the heater is inserted in the axial 
center of a roller in order to carry out heating fusion of the coloring impalpable powder (toner) which 
consists of thermoplastics and a coloring agent and to make it fixed to space with a pressure, the 
temperature of anti-friction bearing which supports this roller pivotable may reach before and after 200 
degrees C depending on a model from 1 40 degrees C. Therefore, it is necessary to use heat-resistant 
outstanding grease for such anti-friction bearing. 
[0004] 

Moreover, since the inside-and-outside ring of anti-friction bearing is in the insulating condition with the 
oil film of lubricant^ static electricity generates it with rotation. Since the radiated noise has bad 
influences, such as distortion, on the copy screen of a copying machine, by being filled up with 
conductive grease in anti-friction bearing, between inside-and-outside rings is made into a conductive 
state, and the measures of removing static electricity are taken as indicated by JP,63-24038,B, for 
example. 
[0005] 

On the other hand, since the formation of small lightweight and expansion of habitation space are 
desired, contraction of engine room space is obliged, therefore, as for the automobile (passenger car), 
small lightweight-ization of automobile engine auxiliary machinery, such as automobile electric equipment 
articles, such as an AC dynamo and an electromagnetic clutch, and an idler pulley, is advanced further. 
Since sealing-ization of an engine room is progressing for the purpose of improvement in silence in 
addition to this, elevated-temperature-ization in an engine room is promoted. Therefore, the property to 
bear an elevated temperature has also been needed for said each part article. 
[0006] 

Moreover, in anti-friction bearing currently used for said each part article, hydrogen may occur with the 
moisture in bearing, it may invade into the bearing steel with which this hydrogen constitutes an inner 
ring of spiral wound gasket, an outer ring of spiral wound gasket, and a rolling element, and the 
exfoliation accompanied by the white organization by hydrogen embrittlement may be caused as 
indicated by JP,1 1-72120,A. When a direct current arises for metallic contact by strong vibration etc. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi.ejje 



2006/08/30 



JP,2004-099847.A [DETAILED DESCRIPTION] 2/30 ^—i> 

between the inside-and-outside rings which are in the insulating condition with the oil film of lubricant, 
from the moisture in bearing, a hydrogen ion is generated easily. Generating of such hydrogen and the 
exfoliation accompanied by the white organization by it can be remarkably controlled by giving 
conductivity to grease. 
[0007] 

[Patent reference 1] 
JP.2002-80879,A 
[Patent reference 2] 
JP,63-24038,B 
[Patent reference 3] 
JP,11-72120,A 
[Patent reference 4] 
JP.5-86389.A 
[Patent reference 5] 
JP.6-1989,A 
[Patent reference 6] 
JP.8-20789.A 
[0008] 

[Problem(s) to be Solved by the Invention] 

For example, since the fluorine system grease which made polytetrafluoroethylene (PTFE) the thickening 
agent and made the perfluoro polyether oil (PFPE oil) base oil is excellent in thermal resistance, even 
the hot environments 180 degrees C or more of anti-friction bearing filled up with this fluorine system 
grease are usable. Therefore, it is applicable as above anti-friction bearings used in a copying machine, a 
printer, etc. 
[0009] 

However, it was difficult for the above fluorine system grease to add the additive blended with common 
grease, and it had the inclination to be inferior to lubricity, rust-proofing nature, and the engine 
performance that prevents metallic corrosion. Furthermore, it also has the trouble that fluorine system 
grease is expensive about 5 to 20 times compared with synthetic oil system grease. 
On the other hand, as a grease constituent for anti-friction bearings by which current use is carried out 
in an automobile electric equipment article or automobile engine auxiliary machinery, the grease 
constituent which made synthetic oil base oil and made the urea compound the thickening agent is 
mainly used, and this urea compound-synthetic oil system grease has the lubricity excellent in 170-180 
degrees C. However, under the elevated temperature 200 degrees C or more, since evaporation of base 
oil, hardening of the grease accompanying it. and softening of the grease by destruction of a thickening 
agent arose, anti-friction bearing filled up with urea compound-synthetic oil system grease had a 
possibility of producing printing at ah early stage. 
[0010] 

On the other hand, since it is used for various machineries, each above-mentioned grease is emitted 
into natural environment in many cases, and when it does so, it has a possibility of having a bad 
influence on the natural environment of water quality, soil, etc. In order to solve such a trouble, the 
grease which gave biodegradability is proposed by JP.5-86389,A, JP,6-1989,A, and JP,8-20789,A by 
using a polyol-ester oil and vegetable oil as base oil. However, grease given in these official reports had 
the trouble that oxidation stability was inadequate. 
[0011] 

Then, this invention solves the trouble which the above conventional techniques have, and let it be a 
technical problem to provide the grease constituent excellent in thermal resistance and conductivity, 
and a list with the grease constituent excellent in thermal resistance, conductivity, and biodegradability. 
Moreover, even if it is used under the above severe conditions while it has long lasting rolling equipment 
and conductivity, even if this invention is used under the severe conditions of an elevated temperature, 
a high speed, and the Takani pile while it has conductivity, is long lasting and is emitted to natural 
environment, it combines with water quality, soil, etc. offering the rolling equipment which cannot do a 
bad influence easily, and makes it a technical problem. 
[0012] 

[Means for Solving the Problem] 

In order to solve said technical problem, this invention consists of the following configurations. That is, 
in the grease constituent containing base oil and a thickening agent, the grease constituent of claim 1 
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concerning this invention constitutes said thickening agent from carbon black and a second thickening- 
agent component, and is characterized by making said second thickening-agent component into calcium 
sulfonate complex, poly urea, metal compound soap, or N-permutation terephthalamide acid metal salt. 
[0013] 

Since the grease constituent of this invention contains carbon black as a thickening agent, it has the 
outstanding conductivity. Moreover, since calcium sulfonate complex, poly urea, metal compound soap, 
or N-permutation terephthalamide acid metal salt was used as the second thickening^agent component, 
thermal resistance and the lubricity under an elevated temperature are excellent. In addition, when 
calcium sulfonate complex is used as the second thickening-agent component, the rust-proofing nature 
excellent in the grease constituent is also given. 
[0014] 

moreover, the grease constituent of claim 2 concerning this invention is characterized by having come 
out with carbon black 5-95 mass %, and said second thickening-agent component 95-5 mass %, and 
constituting said thickening agent in a grease constituent according to claim 1. 

the second thickening-agent component turns into that thermal resistance and the lubricity under an 
elevated temperature are inadequate (when the second thickening-agent component is calcium 
sulfonate complex, rust-proofing nature is also combined and it becomes inadequate), (namely, — 
carbon black is an excess of 95 mass %) [ be / it / under 5 mass % ] On the other hand, since carbon 
black becomes that the second thickening-agent component is an excess of 95 mass % under 5 mass %, 
conductivity becomes inadequate. In order to make it harder to produce such to un-arrange, it is more 
desirable to constitute a thickening agent from carbon black 10- 90 mass %, and the second thickening- 
agent component 90 - 10 mass %. 
[0015] 

Furthermore, the grease constituent of claim 3 concerning this invention is characterized by making the 
content of said thickening agent into three to 40 mass [ of the whole constituent ] % in a grease 
constituent according to claim 1 or 2. 

It becomes difficult to maintain grease structure as it is under 3 mass %, and since the amount of base 
oil decreases that it is an excess of 40 mass %, there is a possibility that sufficient lubrication engine 
performance may not be obtained. 
[0016] 

Furthermore, in a grease constituent according to claim 1 to 3. said calcium sulfonate complex uses 
calcium sulfonate and a calcium carbonate as an indispensable component, and the grease constituent 
of claim. 4 concerning this invention is characterized by blending two or more sorts in calcium 
dibehenate, calcium distearate, calcium dihydroxy stearate, boric-acid calcium, and calcium acetate with 
these. 
[0017] 

Furthermore, the grease constituent of claim 5 concerning this invention is characterized by making the 
base number of said calcium sulfonate into 50 - 500 mgKOH/g in a grease constituent according to 
claim 4. 

a base number ' — said being out of range ^- the increase of a thickening agent — a butterfly ^ 
effectiveness — there is a possibility that un-arranging may arise. In order to make it harder to produce 
such to un-arrange, as for calcium sulfonate, it is more desirable that it is the high basicity of 300 - 500 
mgKOH/g. 
[0018] 

Furthermore, the grease constituent of claim 6 concerning this invention is characterized by having set 
100ml / lOOg or more, and primary particle size to less than lOOnm, and setting specific surface area for 
the DBP oil absorption of said carbon black to more than 50m2 / g in a grease constituent according to 
claim 1 to 5. 

Although it is not limited, considering the thickening nature and the conductive grant capacity to a 
grease constituent, as for especially the class of carbon black used for the grease constituent of this 
invention, what is rich in oil absorption nature (that whose DBP oil absorption is 100ml / lOOg or more) 
is desirable. Moreover, it is desirable that have oleophilic and specific surface area uses large (specific 
surface area by less than lOOnm [ Primary particle size ] more than 50m2 / g) carbon black, the DBP oil 
absorption of carbon black, primary particle size, and specific surface area — the above — there is a 
possibility that the thickening nature of a grease constituent and conductivity may become out of range 
inadequate. In addition, said specific surface area is the value measured for example, by the nitrogen 
adsorption process. 
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[0019] 

Furthermore, in the grease constituent of claim 7 concerning this invention, in a grease constituent 
according to claim 1 to 6, said base oil contains the neopentyl mold polyohester oil, and it is 
characterized by the content being more than 80 mass % of the whole base oil. 
Since base oil contains the neopentyl mold polyol-ester oil which has biodegradability in addition to 
thermal resistance and conductivity being excellent, such a grease constituent has the outstanding 
biodegradability. Therefore, even if a grease constituent leaks out from a machinery etc. and is emitted 
into natural environment, it is hard to have a bad influence on the natural environment of water quality, 
soil, etc. 
[0020] 

Since the biodegradability of a grease constituent falls that the content of a neopentyl mold polyol- 
ester oil is under 80 mass % of the whole base oil. it is not desirable. In order to make biodegradability of 
a grease constituent into more sufficient thing, it is more desirable to carry out the content of a 
neopentyl mold polyol-ester oil to more than 90 mass % of the whole base oil. 

Furthermore, the grease constituent of claim 8 concerning this invention is characterized by making the 
content of said thickening agent into three to 20 mass [ of the whole constituent ] % in a grease 
constituent according to claim 7. 
[0021] 

It becomes difficult to maintain grease structure as a thickening agent is under 3 mass %, and since the 
content of a neopentyl mold polyol-ester oil decreases that it is an excess of 20 mass %, the 
biodegradability of a grease constituent falls. 

Furthermore, the grease constituent of claim 9 concerning this invention is characterized by whenever 
[ biodegradation / which was specified to L-33-T-82 of the Europe specification advisory committee 
specification ] being 80% or more in a grease constituent according to claim 7 or 8. 
[0022] 

Thus, if biodegradability is excellent, even if a grease constituent will leak out from a machinery etc. and 
will be emitted into natural environment, it is hard to have a bad influence on the natural environment of 
water quality, soil, etc. 

In addition, especially the manufacture approach of the grease constituent of this invention is not 
limited. For example, the grease constituent which makes carbon black a thickening agent, and the 
grease constituent which makes a thickening agent either of the above-mentioned second thickening- 
agent components may be manufactured separately, and you may manufacture by mixing these. Or you 
may manufacture at one process by adding carbon black and the second thickening^agent component to 
base oil. 
[0023] 

Furthermore, the rolling equipment of claim 10 concerning this invention In the rolling equipment 
equipped with a way member, the method member of outside which has the orbital plane which counters 
the orbital plane of this inner direction member, and has been arranged outside the method member of 
said inside at the way, and two or more rolling elements arranged free [ rolling ] among said both orbital 
planes while it has an orbital plane outside It is characterized by filling up with a grease constituent 
according to claim 1 to 9 the opening circles in which it was formed between the method member of 
said inside, and the method member of said outside, and said rolling element was arranged. 
[0024] 

Furthermore, the rolling equipment of claim 1 1 concerning this invention is characterized by being anti- 
friction bearing used for business machines, such as a copying machine and a printer, in rolling 
equipment according to claim 1 0. 

Furthermore, the rolling equipment of claim 12 concerning this invention is characterized by being anti- 
friction bearing used for automobile engine auxiliary machinery, such as anti-friction bearing used for 
automobile electric equipment articles, such as an AC dynamo and an electromagnetic clutch, or an idler 
pulley, in rolling equipment according to claim 10. 
[0025] 

Even if rolling equipment equipped with such a grease constituent is used under the severe conditions of 
an elevated temperature, a high speed, and the Takani pile while it has the outstanding conductivity, it is 
long lasting. Therefore, it is usable suitable for the rotation part and sliding part of a device which are 
used under an elevated temperature, a high speed, and the Takani pile conditions like automobile engine 
auxiliary machinery, such as automobile electric equipment articles, such as business machines, such as 
a copying machine and a printer, an AC dynamo, and an electromagnetic clutch, and an idler pulley. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran.web,cgi_ejje 



2006/08/30 



JP.2004-099847.A [DETAILED DESCRIPTION] 5/30 ^—i> 

[0026] 

Moreover, since such rolling equipment has conductivity, static electricity cannot generate it easily. 
Therefore, when this rolling equipment is used for a copying machine, it is controlled that bad influences, 
such as distortion, arise on a copy screen by the radiated noise of static electricity. Moreover, since 
generating of the hydrogen from the moisture in rolling equipment is also controlled, it is also controlled 
that the steel which constitutes rolling equipment causes hydrogen embrittlement, and the exfoliation 
accompanied by a white organization arises. 
[0027] 

Furthermore, in rolling equipment equipped with the grease constituent which has biodegradability, even 
if this grease constituent leaks out from rolling equipment and is emitted into natural environment, it is 
hard to have a bad influence on the natural environment of water quality, soil. etc. 

This invention is applicable to various rolling equipments. For example, anti-friction bearing, a ball thread, 

linear guide equipment, direct-acting bearing, etc. are raised. 

[0028] 

in addition — the case where rolling equipment is anti-friction bearing with the method member of said 
inside in this invention — an inner ring of spiral wound gasket — the same — the case of a ball thread - 
- ****ing — a shaft — the same — the case of linear guide equipment — a guidance rail — similarly in 
the case of direct-acting bearing, a shaft is meant, respectively, moreover — the case where rolling 
equipment is anti-friction bearing with the method member of said outside — an outer ring of spiral 
wound gasket — the same — the case of a ball thread — a nut — the same — the case of linear guide 
equipment — a slider, similarly in the case of direct-acting bearing, an outer case is meant, respectively. 

[0029] 

Below, each component which constitutes the grease constituent of this invention is explained. 
[About calcium sulfonate complex] 

Calcium sulfonate is used as an indispensable component and the calcium salt (calcium soap) chosen as 
this from lower-fatty-acid calcium salts, such as higher-fatty-acid calcium salts, such as the (a) calcium 
carbonate, (b) calcium dibehenate, calcium distearate, and calcium dihydroxy stearate. and (c) calcium 
acetate, (d) boric-acid calcium, etc. is combined with the calcium sulfonate complex used as a 
thickening agent in this invention. 
[0030] 

What used calcium sulfonate and a calcium carbonate as the indispensable component, and blended two 
or more sorts in calcium dibehenate, calcium distearate, calcium dihydroxy stearate. boric-acid calcium, 
and calcium acetate with these especially is desirable. 

In addition, calcium sulfonate complex may make base oil distribute with carbon black what was 
compounded separately, and base oil may be made to distribute it by compounding in base oil. However, 
since it is easy to distribute a thickening agent in base oil good, when the direction of the latter 
approach manufactures industrially, it is advantageous. 
[0031] 

[About poly urea] 

Although the poly urea used as a thickening agent with carbon black in this invention can use poly urea 
compounds, such as diurea. TORIUREA, and tetra-urea, its diurea especially expressed with the 
following general formula (I) is desirable. 
[0032] 
[Formula 1] 

o o 

II II 

Ri — NHCNH-R2— NHCNH-R3 (I) 



[0033] 

In addition, R2 in a formula (I) The aromatic hydrocarbon radical of carbon numbers 6-15 is expressed. 
Moreover, Rl And R3 An aliphatic hydrocarbon radical, an aromatic hydrocarbon radical, or a 
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condensation hydrocarbon group is expressed, and it is R1. R3 It may be the sanne and you may differ. 
As for the carbon number of a condensation hydrocarbon group, 9-19 are desirable, and 9-13 are still 
more desirable. If the carbon number of these hydrocarbon groups is smaller than said lower limit, it will 
be hard to distribute a thickening agent to base oil, and will become easy to separate a thickening agent 
and base oil. On the other hand, the thickening agent with the larger carbon number of a hydrocarbon 
group than said upper limit is industrially unreal. 
[0034] 

Poly urea including such diurea may make base oil distribute what was compounded separately, and base 
oil may be made to distribute it by compounding in base oil. However, since it is easy to distribute a 
thickening agent in base oil good, when the direction of the latter approach manufactures industrially, it 
is advantageous. 

Especially the synthetic approach in the case of compounding diurea in base oil is R2 although not 
limited. One mol of djisocyanate which has an aromatic hydrocarbon radical, R1, and R3 The approach to 
which two mols of monoamines which have a hydrocarbon group are made to react is the most 
desirable. 
[0035] 

As diisocyanate, diphenylmethane diisocyanate, tolylene diisocyanate, xylylene diisocyanate, biphenylene 
di-isocyanate, dimethyl diphenylene diisocyanate. or these alkyi group substitution products can be used 
suitably, for example. 

Moreover, Rl and R3 As monoamine in the case of being an aliphatic hydrocarbon radical or an aromatic 
hydrocarbon radical For example An aniline, cyclohexylamine, an octyl amine, a toluidine, a dodecyl 
aniline, an octadecyl amine, hexylamine, a heptyl amine, a nonyl amine, an ethylhexyl amine, a DESHIRU 
amine, an undecyl amine, a dodecyl amine, tetradecylamine, A pentadecyl amine, a nona DESHIRU amine, 
an EIKODE sill amine, an oleyl amine, a linoleyl amine, a RINORE nil amine, a methylcyclohexyl amine, 
ethyl cyclohexylamine. dimethyl cyclohexylamine, diethyl cyclohexylamine, Butyl cyclohexylamine, propyl 
cyclohexylamine, amyl cyclohexylamine, a cycle octyl amine, benzylamine, a benzhydryl amine, 
phenethylamine, a methylbenzyl amine, a biphenyl amine, phenyl isopropylamine. Phenyl hexylamine etc, 
can be used suitably. 
[0036] 

Furthermore, Rl and R3 As monoamine in the case of being a condensation hydrocarbon group For 
example, indene system amine compounds, such as an amino indene, an amino indan. and an amino-1- 
methylene indene, Aminonaphthalene (naphthylamine), aminomethyl naphthalene, aminoethyl 
naphthalene. An amino dimethylnaphtalene, amino cadalene, amino vinyl naphthalene, Aminophenyl 
naphthalene, amino benzyl naphthalene, amino dinaphthylamine. Amino binaphthyl, amino -1, 2- 
dihydronaphthalene, amino -1. 4-dihydronaphthalene, Naphthalene system amine compounds, such as an 
amino tetrahydronaphthalene and friend NOOKU thalline. Condensation 2 ring system amine compounds, 
such as amino pen TAREN, an amino azulene, and amino HEPUTAREN, Amino fluorene system amine 
compounds, such as an amino fluorene and an amino-9-phenyl fluorene. An amino anthracene, an 
aminomethyl anthracene, an amino dimethyl anthracene. Anthracene system amine compounds, such as 
an aminophenyl anthracene, iamino -9, and 1 0-dihydroanthracene, An amino phenanthrene, amino -1 , 7- 
dimethyl phenanthrene, Phenanthrene amine compounds, such as amino retene, amino biphenylene, 
Amino-sym-indacene, amino-asHndacene, an amino acenaphthylene. Condensation 3 ring system amine 
compounds, such as an amino acenaphthene and amino phenalene. An amino naphthacene. an amino 
chrysene, an amino pyrene. amino triphenylene. An amino benzoanthracene, amino Association of 
South-East Asian Nations tolylene, amino Association of South-East Asian Nations TOREN, Amino 
acephenanthrylene, a friend NOASE phenanthrene, amino fluoranthene. Condensation 4 ring system 
amine compounds, such as amino play ADEN, amino pentacene, Amino pen TAFEN, amino picene, amino 
perylene, amino dibenzanthracene. Condensed multi-ring system (six or more rings) amine compounds, 
such as condensation 5 ring system amine compounds, such as an amino benzopyrene and amino 
cholanthrene, amino coronene, amino pyran TOREN, an amino violanthrene, an amino isoviolanthrene, 
and friend no BAREN, etc. are used suitably. 
[0037] 

[About metal compound soap] 

the aliphatic series monocarboxylic acid of the carbon numbers 12-24 which have the compound (for 
example, metal hydroxide) of the metal of the 1 , 2, and 1 3 groups of the periodic table, and at least one 
hydroxyl as metal compound soap used as a thickening agent with carbon black in this invention, and the 
aliphatic series dicarboxylic acid of carbon numbers 2-12 — since — what is compounded is raised. 
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[0038] 

As a metal, a lithium, sodium, barium, aluminum, etc. are raised, for example. 

Moreover, as aliphatic series hydroxy monocarboxylic acid, 9-hydroxy stearin acid, 10-hydroxy stearin 
acid. 12~hydroxy stearin acid, 9. 10-dihydroxystearic acid, etc. are raised, for example. In this, 12- 
hydroxy stearin acid is the most desirable. 
[0039] 

Moreover, as aliphatic series dicarboxylic acid, for example, oxalic acid, a malonic acid, a succinic acid, a 
glutaric acid, an adipic acid, a pimelic acid, a suberic acid, an azelaic acid, a sebacic acid, dodecane 
diacid, etc. are raised, and an azelaic acid is the most desirable in this. 

In addition, it is important for the quantitative ratio of aliphatic series hydroxy monocarboxylic acid and 
aliphatic series dicarboxylic acid to make aliphatic series dicarboxylic acid into 20 to 40 mass %, using 
both sum total as 100. This possibility that the thermal stability of a grease constituent may become out 
of range inadequate exists. 
[0040] 

[About N-permutation terephthalamide acid metal salt] 

N-permutation terephthalamide acid metal salt used as a thickening agent with carbon black in this 
invention is expressed with the following general formula (II). 
[0041] 
[Formula 2] 



R 
H 



O 

li 

N — C 




o 



O 

II 

CO 



M 



(n) 



n 



[0042] 

In addition, the substituent R combined with the nitrogen atom in a formula (II) is a univalent 
hydrocarbon group of saturation or partial saturation in the shape of a straight chain, branched-chain, or 
a ring type, M is a metal, and n is a number equal to a metaled valence. 

the case where Substituents R are the shape of a straight chain, and a branched-chain hydrocarbon 
group — the carbon number of a hydrocarbon group — 10-32, and the case where it is 12-22 preferably 
and is the hydrocarbon group of a ring type — the carbon number of a hydrocarbon group — 6-28 — it 
is 7-22 preferably. If the carbon number of a hydrocarbon group is smaller than said lower limit, it will be 
hard to distribute a thickening agent to base oil, and will become easy to separate a thickening agent 
and base oil. On the other hand, the thickening agent with the larger carbon number of a hydrocarbon 
group than said upper limit is industrially unreal. 
[0043] 

As an example of Substituent R. a decyl group, a tetradecyl radical, a hexadecyl radical, an octadecyl 
radical, a cyclohexyl radical, benzyl, a phenyl group, a tolyl group, a buthylphenyl radical, etc. are raised. 
Moreover, as a metal M, the metal of the 1, 2, 12, and 13 groups of a periodic table, for example, a 
lithium, a potassium, sodium, magnesium, calcium, barium, zinc, aluminum, etc. are raised. Sodium, 
barium, a lithium, and a potassium are desirable especially, and sodium is the most realistic. 
[0044] 

Such an N-permutation terephthalamide acid metal salt may make base oil distribute what was 
compounded separately, and base oil may be made to distribute it by compounding in base oil. However, 
since it is easy to distribute a thickening agent in base oil good, when the direction of the latter 
approach manufactures industrially, it is advantageous. 
[About base oil] 

As base oil of the grease constituent of this invention, a mineral system lubricating oil and a synthetic 
lubricating oil can be used. Although especially the class is not restricted, as a mineral system 
lubricating oil, it can use paraffin series straight mineral oil. naphthene straight mineral oil, and those 
mixed oils, and can use a synthetic hydrocarbon oil, an ether oil, ester oil, a fluorine oil, etc. as a 
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synthetic lubricating oil. 
[0045] 

concrete — as a synthetic hydrocarbon oil — the Pori alpha olefin oil etc. — as an ether oil. as ester 
oil; a diester oil, neopentyl mold polyol-ester oils, these complex ester oil. aromatic series ester oil, etc. 
can be used, and a dialkyi diphenyl ether oil, an alkyi triphenyl ether oil. an alkyi tetra-phenyl ether oil. 
etp. can be used for a perfluoro ether oil. fluoro silicon oil, a chlorotrifluoroethylene oil, a fluoro 
FOSUFAZEN oil, etc. as a fluorine oil. 
[0046] 

These base oil may be used independently and may be used, combining two or more sorts suitably. 
When the lubrication engine performance and life under an elevated temperature, a high speed, and the 
Takani pile are taken into consideration, it is desirable that the synthetic lubricating oil contains in base 
oil. and it is desirable that at least one sort of ester oil, an ether oil. and a fluorine oil contains 
especially. 
[0047] 

And as for the kinematic viscosity of base oil. in 40 degrees C. it is desirable that they are 1 0- 
600mm2 / s (it sets at 100 degrees C and they are 1-60mm2 / s). It is not suitable from an evaporation 
loss or a lubricative problem at under 10mm2 / s. That is, if the viscosity of base oil is too low, 
formation of enough lubricating oil film to avoid metallic contact of an orbital plane and a rolling element 
during rotation of bearing in an elevated temperature will become difficult. 
[0048] 

Moreover, since the torque of the rolling equipment which filled up the grease constituent with 
600mm2 / excess of s becomes easy to go up, it is not desirable. Moreover, the fluidity in low 
temperature becomes inadequate, and in case said rolling equipment is started under low temperature, 
there is a possibility that an allophone may occur. Furthermore, there is a possibility that an oil film may 
become comparatively thick and an electric resistance value may become large. 
In order to make such a trouble harder to produce, as for the kinematic viscosity of base oil, in 40 
degrees C. it is more desirable that they are 20-500mm2 / s (it sets at 100 degrees C and they are 3- 
40mm2 / s). 
[0049] 

On the other hand, biodegradability will be given to a grease constituent if ester oil contains in base oil. 
Although especially the class of ester oil is not limited, since oxidation stability is excellent, a neopentyl 
mold polyol-ester oil is desirable. 

A neopentyl mold polyol ester is ester oil obtained by the reaction of the polyhydric alcohol (it is 
described as neopentyl mold polyol henceforth) and the organic acid which have neopentyl structure 
which is expressed with the following chemical formula (III). 
[0050] 
[Formula 3] 

I 

CH2 
I 

— H2C — C — CH2— (HI) 

I 

CH2 
I 



[0051] 

As for the carbon number of neopentyl mold polyol, 5-1 2 are desirable, and 5-9 are more desirable. 
Moreover, as for the carbon number of an organic acid, 4-18 are desirable, and 6-12 are more desirable. 
When the carbon number of neopentyl mold polyol and an organic acid separates from the above- 
mentioned range, there is a possibility that the oxidation stability of a grease constituent may be spoiled. 

As neopentyl mold polyol, they are 2.2-dimethyl propane -1 and 3-diol 0, for example. Namely, neopentyl 
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glycol (it is described as NRG henceforth), the 2-ethyl-2-butyl propane -1, 3-diol, 2 and 2~diethyl 
propane -1, 3-diol. the 2-methyl-2-propyl propane -1, 3-diol, Trimethylolethane. trimethylol propane (it 
is described as TMR henceforth), TORIMECHI roll butane, a TORIMECHI roll hexane. a pen 
TAERISURURI toll (it is described as RE henceforth), etc. are raised. In this. NRG, the 2-methyl-2- 
propyl propane -1, 3-diol, and TMR and RE are desirable, and NRG, TMR, and especially RE are 
desirable. Such heopentyl mold polyols can be used combining independent or two sorts or more. 
[0052] 

As an organic acid, for example Moreover, n-butanoic acid, an isobutyric acid, n pentanoic acid. An 
isovaleric acid, n-hexanoic acid, 2-ethyl butanoic acid, an isohexane acid. Hexahydrobenzoic acid, n- 
oenanthic acid, iso oenanthic acid, methyl hexahydrobenzoic acid, N-octanoic acid, a dimethyl hexanoic 
acid. 2-ethylhexanoic acid, 2 and 4, 4-trimethyl pentanoic acid. An isooctane acid. 3,5,5- 
trimethylhexanoate. n nonoic acid, iso nonoic acid, an iso decanoic acid, iso undecanoic acid. 2-butyl 
octanoic acid, a tridecane acid, and a tetradecanoic acid — it passes, a KISADEKAN acid, octadecanoic 
acid, etc. are raised, and n-oenanthic acid, iso oenanthic acid, n-octanoic acid, and 2-ethylhexanoic acid 
are desirable in this. These organic acids can be used combining independent or two sorts or more. 
[0053] 

When the example of a neopentyl mold polyol ester is given, furthermore, the diester compound of NRG 
and oenanthic acid, A diester compound with the mixture of the diester compound of NRG and 2-ethyl 
butanoic acid, NRG and a hexanoic acid, and oenanthic acid. The triester compound of TMR and 
pentanoic acid, the triester compound of TMR and a hexanoic acid, A triester compound with the 
mixture of TMR, butanoic acid, and octadecanoic acid. There is a tetra-ester compound with two or 
more sorts of mixture etc. among the organic acids of a triester compound with the mixture of TMR, a 
hexanoic acid, oenanthic acid, and an octanoic acid, the tetra-ester compound of RE and pentanoic acid, 
RE. the shape of a straight chain, and the branched-chain carbon numbers 4-8. 
[0054] 

Moreover, the neopentyl mold polyol ester obtained by the reaction of NRG. TMR and neopentyl mold 
polyols -1 other than RE. i.e.. 2-methyl-2-propyl propane. 3-diol. 2. and 2-diethyl propane -1. 3-diol. 
trimethylolethane, a TORIMECHI roll hexane, etc. and the above-mentioned organic acid (independent or 
two or more sorts of mixture) is also usable. 
[0055] 

As an approach of compounding a neopentyl mold polyol ester from neopentyl mold polyol and an 
organic acid, the approach of common use learned from the former (the esterifying method), for 
example, the method of performing a dehydration condensation reaction under existence of an acid 
catalyst etc., can be used satisfactory. 
[About an additive] 

In the grease constituent of this invention, in order to raise various engine performance further, various 
additives may be mixed by request, for example, independent in additives generally used to a grease 
constituent, such as an antioxidant, a rusr-proofer, an extreme pressure agent, an oiliness improver, and 
a metal deactivator, — or two or more sorts can be mixed and it can use. 
[0056] 

As an anti-oxidant. an amine system, a phenol system, a sulfur system, dithiophosphate zinc, etc. are 
raised, for example. 

As an example of an amine system anti-oxidant, phenyl-1-naphthylamine, phenyl-2-naphthylamine, a 

diphenylamine, a phenylenediamine, an oleylamide amine, phenothiazin, etc. are raised. 

[0057] 

moreover, as an example of a phenolic antioxidant A p-t-butyl-phenyl SARISHI rate, 2. 6-G t-butyl-p- 
phenylphenol, 2 and 2 -methylenebis (4-methyl-6-t-octyl phenol). 4 and 4' - butylidenebis-6-t-butyl-m- 
cresol and tetrakis [methylene-3~(3\ 5 - G t-butyl -4 -hydroxyphenyl) propionate] methane, 1,3,5- 
trimethyl -2. 4, 6-tris (3, 5-G t-butyl-4-hydroxybenzyl) benzene. n-octadecyl-beta-(4 - hydroxy-3'. 5'- 
G t-buthylphenyl) propionate, 2-n-octylthio -4, 6-JI (4 - hydroxy-3', 5'-G t-butyl) phenoxy- 1,3,5- 
triazine, Hindered phenols, such as a 4 and 4'-i:hio screw (6-t-butyl-m-cresol) and 2-(2'-hydroxy-3 '-t- 
butyl -5 -methylphenyl)-5-chlorobenzo triazole, etc. are raised. 
[0058] 

As a rusr-proofer, ester is raised, for example. As an example of ester, alkyi ester, such as sorbitan 
ester, such as sorbitan monolaurate which is partial ester of a multi-base carboxylic acid and polyhydric 
alcohol, sorbitan tristearate, sorbitan monooleate, and sorbitan trioleate, and polyoxyethylene laurate. 
polyoxyethylene oleate, polyoxyethylene stearate, is raised. 
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As an oiliness improver, phosphoric ester, such as amines, such as alcohol, such as fatty acids, such as 
oleic acid and stearin acid, lauryl alcohol, and oleyl alcohol, a stearyl amine, and a cetyl amine, and 
tricresyl phosphate, animal and vegetable oils, etc. are raised, for example. 

Furthermore, extreme pressure agents, such as the Lynn system, dithiophosphate zinc, and organic 

molybdenum, metal deactivators, such as benzotriazol, etc. are used. 

[0060] 

In addition, although the addition of these additives is not limited especially if it is extent which does not 
spoil the purpose of this invention, it is usually 0.1 to 20 mass % to the whole grease constituent. Even if 
the addition effectiveness of an additive is scarce and adds exceeding 20 mass %, when improvement in 
the addition effectiveness cannot be desired, since the amount of base oil decreases relatively and 
there is a possibility that lubricity may fall, it is not desirable at under 0.1 mass %. 
[0061] 

[Embodiment of the Invention] 

The gestalt of operation of the grease constituent concerning this invention and rolling equipment is 
explained to a detail, referring to a drawing. 

A. The grease constituent using calcium sulfonate complex as the second thickening^agent component 
[Example A1] 

First, as it was the following, calcium sulfonate complex was compounded in base oil. 
[0062] 

The kinematic viscosity in 40 degrees C added high basicity calcium sulfonate 2g of base number 300 
mgKOH/g to pentaerythritol tetra^ester 500g of 33.6mm2 / s, and fully agitated at 50 degrees C to it. 
0.04g of boric acids, 0.1 6g of acetic acids, 0.08g of behenic acid, 0.08g of stearin acid, 0.02g of water, 
and 1.4g of calcium hydroxides were added there, it heated at 80-95 degrees C, water was volatilized, 
and it removed Furthermore, the carbon dioxide was introduced into this mixture and the calcium 
carbonate was made to generate. And the infrared-spectroscopic-analysis machine analyzed this 
mixture, and installation of a carbon dioxide was ended in the place where stabilization (calcite-izing) of 
a calcium carbonate was checked from the peak of 882-886cm-1 . 
[0063] 

Next, the mixture obtained by the above-mentioned actuation was cooled at 60 degrees C, and carbon 
black 76g and pentaerythritol tetra-ester 400g were added and agitated. After holding for 60 minutes at 
100 degrees C, lOg of amine system antioxidants was added, mill processing and degassing processing 
were performed, and the grease constituent was obtained. The mass ratio of the carbon black and the 
calcium sulfonate complex which are the generated thickening agent was 95:5. Moreover, when 
whenever [ biodegradation / which was specified to L-33-T-82 of the Europe specification advisory 
committee specification (CEC) about this grease constituent ] was measured, it had the biodegradability 
excellent in 95%. 
[0064] 

In addition, the specific surface area according [ the DBP oil absorption according / the primary particle 
size of the used carbon black / to 30nm and dibutyl phthalate APUSOPU meter ] to 350ml / lOOg, and a 
nitrogen adsorption process is 800m2 / g. 
[Example A2] 

Except changing the amount of the raw materials used, such as calcium sulfonate, by the same 
approach as an example A1, the grease constituent was manufactured so that the mass ratio of carbon 
black and calcium sulfonate complex might be set to 90:10. When whenever [ biodegradation / which 
was specified to L-33~T-82 of CEC about this grease constituent ] was measured, it had the 
biodegradability excellent in 93%. 
[0065] 

[Example A3] 

Except changing the amount of the raw materials used, such as calcium sulfonate, by the same 
approach as an example A1 , the grease constituent was manufactured so that the mass ratio of carbon 
black and calcium sulfonate complex might be set to 50:50. When whenever [ biodegradation / which 
was specified to L-33-T-82 of CEC about this grease constituent ] was measured, it had the 
biodegradability excellent in 80%. 
[0066] 

[Example A4] 

Except changing the amount of the raw materials used, such as calcium sulfonate, by the same 
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approach as an example A1. the grease constituent was manufactured so that the mass ratio of carbon 
black and calcium sulfonate complex might be set to 1 0:90. When whenever [ biodegradation / which 
was specified to L-33-T-82 of CEC about this grease constituent ] was measured, it had the 
biodegradability excellent in 65%. 
[0067] 

[Example A5] 

Except changing the amount of the raw materials used, such as calcium sulfonate, by the same 
approach as an example A1, the grease constituent was manufactured so that the mass ratio of carbon 
black and calcium sulfonate complex might be set to 5:95. 
[The example A1 of a comparison] 

The kinematic viscosity in 40 degrees C added carbon black 76g to pentaerythritol tetra-ester 500g of 
33.6mm2 / s, and fully agitated at 60 degrees C. Furthermore, after adding and agitating pentaerythritol 
tetra-ester 400g, it heated at 100 degrees C. And lOg of amine system antioxidants was added, mill 
processing and degassing processing were performed, and the grease constituent was obtained. 
[0068] 

[The example A2 of a comparison] 

As it was the following, calcium sulfonate complex was compounded in base oil. 

The kinematic viscosity in 40 degrees C added high basicity calcium sulfonate IBOg of base number 300 
mgKOH/g to pentaerythritol tetra-ester 500g of 33.6mm2 / s, and fully agitated at 50 degrees C to it. 
3.6g of boric acids. 1 4.4g of acetic acids, 7.2g of behenic acid, 7.2g of stearin acid. 1 .8g of water, and 
126g of calcium hydroxides were added there, it heated at 80-95 degrees C, water was volatilized, and it 
removed. Furthermore, the carbon dioxide was introduced into this mixture and the calcium carbonate 
was made to generate. And the infrared-spectroscopic-analysis machine analyzed this mixture, and 
installation of a carbon dioxide was ended in the place where stabilization (calciteHzing) of a calcium 
carbonate was checked from the peak of 882-886cm-1 . 
[0069] 

Next, the mixture obtained by the above-mentioned actuation was cooled at 60 degrees C, and 
pentaerythritol tetra-ester 130g was added and agitated. After holding for 60 minutes at 100 degrees C. 
lOg of amine system antioxidants was added, mill processing and degassing processing were performed, 
and the grease constituent was obtained. 
[Example A3 of a comparison] 

It is lithium soap system grease of a commercial item. In addition, base oil is the Pori alpha olefin oil. 
[0070] 

About these eight sorts of grease constituents (an example A1 - A5, and the example A1 of a 
comparison - A3), worked penetration, the dropping point, the rate of oil separation, and the rinsing 
water resistance were measured (based on JIS K2220). The result is combined with the presentation of 
a grease constituent, and is collectively shown in Table 1 and 2. In addition, the numeric value indicated 
by the column of "the class of thickening agent" of Table 1 and 2 is the quantitative ratio of each 
component which constitutes the thickening agent at the time of setting the whole thickening agent to 
100. Moreover, the numeric value indicated by the column of "the amount of a thickening agent", "the 
amount of base oil", and "the amount of an additive" is the quantitative ratio of the thickening agent at 
the time of setting the whole grease constituent to 1 00. base oil, and an additive. 
[0071] 
[Table 1] 
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[0072] 
[Table 2] 
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[0073] 

Moreover, the load carrying capacity of these grease constituents, rust-proofing nature, and 
conductivity were evaluated collectively. The approach is explained below. 
[About the evaluation approach of load carrying capacity] 

The walk trial using the testing device specified to ASTM estimated. That is, it has arranged in the 
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shape of an equilateral triangle, and three trial balls (with the SU J2 steel-manufacture ball for ball 
bearings, a diameter is 1/2 inch) were fixed so that it might touch mutually, and one trial ball was laid in 
the crevice formed in the core. 
[0074] 

And after applying to all trial balls the grease constituent which is a candidate for evaluation, the trial 
ball which laid the load where a load is carried out was rotated with a fixed rotational speed (4000min-1). 
You set said load to 98 Ns, and it made it increase gradually at a rate of 392 Ns/m after that for [ of 
rotation / initial ] 1 minute. And it was burned, the load at the time of running torque going up rapidly 
was made into the load, and load carrying capacity was evaluated with this seizure load. 
[0075] 

The result is collectively shown in Table 1 and 2. In addition, the relative value at the time of setting the 
seizure load of the grease constituent of the example Al of a comparison to 1 has shown the numeric 
value of the printing load indicated in Table 1 and 2. 

Next, about the rust-proofing nature of a grease constituent, and conductivity, anti-friction bearing was 

filled up and it evaluated. 

[0076] 

[About the conductive evaluation approach] 

The deep groove ball bearing filled up with the grease constituent of an example Al - A5 and the 
example Al of a comparison - A3, respectively was prepared. The configuration of this deep groove ball 
bearing is explained referring to drawing 1 . 

this deep groove ball bearing 21 (bearing-number 608ZZ. the bore of 8mm. the outer diameter of 22mm, 
width of face of 7mm) comes out with two or more balls 24 arranged free [ rolling ] between the outer 
ring of spiral wound gasket 22. the inner ring of spiral wound gasket 23, and an outer ring of spiral wound 
gasket 22 and an inner ring of spiral wound gasket 23, the cage 25 holding two or more balls 24, and the 
shielding 26 and 26 made from a steel plate attached in seal groove 22b of an outer ring of spiral wound 
gasket 22, and is constituted. Moreover, the bearing space surrounded with an outer ring of spiral wound 
gasket 22, an inner ring of spiral wound gasket 23, and shielding 26 and 26 is filled up with the grease 
constituent 27 of the specified quantity (for example. 50% of the bearing space volume), and it is sealed 
by the ball bearing 21 interior with shielding 26. 
[0077] 

Since the grease constituent 27 contains carbon black, while the lubrication of the contact surface of 
the orbital planes 22a and 23a of said both wheels 22 and 23 and a ball 24 is carried out with the grease 
constituent 27, the outer ring of spiral wound gasket 22. the inner ring of spiral wound gasket 23* and 
the ball 24 are a conductive state. Furthermore, the outer ring of spiral wound gasket 22 or the inner 
ring of spiral wound gasket 23 is grounded (not shown), and static electricity generated by rotation of a 
ball bearing 21 is removed. In addition, since shielding 26 is given to conductivity by the contact seal, 
then this seal made of conductive rubber, conductivity of a ball bearing 21 can be made .more into 
fitness. 
[0078] 

The equipment which measures resistance was equipped with such a deep groove ball bearing. And the 
electric resistance value between the inside-and-outside rings under rotation (maximum) was measured. 
Here, the configuration of the equipment which measures resistance is explained, referring to the outline 
block diagram of drawing 2 . 

Among drawing 2 . a sign 1 expresses the ball bearing of the measuring object, and by carrying out the 
rotation drive of the shank material 2 attached in the inner-ring-of-spiral-wound-gasket 1 a by the 
motor 3. it is constituted so that bearing 1 may be rotated And a predetermined constant voltage is 
impressed according to a constant voltage power supply 4 between the shank material 2 and outer-ring- 
of-spiral-wound-gasket 1 b which are united with inner-ring-of-spiral-wound-gasket 1 a. 
[0079] 

The resistance measurement equipment 5 connected to this constant voltage power supply 4 and 
juxtaposition outputs the measured electrical-potential-difference value (analog value) to the A/D- 
conversion circuit 6. The A/D-conversion circuit 6 is changed into digital value with the sampling period 
set up beforehand, and outputs the changed digital signal concerned to a processing unit 7. With this 
operation gestalt, the sampling period is set as 50kHz (sampling-time spacing = 0.02ms). 
[0080] 

A processing unit 7 is equipped with maximum resistance operation part 7A, threshold processing 
section 7B. and wave number count-area 7C. Maximum resistance operation part 7A calculates the 
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maximum resistance based on the inputted digital signal. Threshold processing section 7B performs 
threshold processing with a predetermined threshold about the inputted digital signal, and removes a 
noise. About the pulse count from threshold processing section 7B, by the increase and decrease of 
change of a pulse value with time, wave number count-area 7C counts the transaction count for every 
predetermined time basis, i.e., the wave number of a wavy mountain, and calculates the average of the 
wave number per the unit time amount. Moreover, a processing unit 7 outputs the calculated maximum 
resistance and the average of the wave number per unit time amount to a display 8. With this operation 
gestalt. the unit time amount which counts the above-mentioned wave number is set as 0.328 seconds. 
An indicating equipment 8 consists of displays etc. and displays the maximum resistance which the 
processing unit 7 calculated, and the average of the wave number per unit time amount. 
[0081] 

Next, the approach of the resistance evaluation of a ball bearing 1 which used the equipment of the 
above-mentioned configuration is explained. 

Where it drove the motor 3 and the shank material 2, i.e., inner-ring-of-spiral-wound-gasket 1 a. is 
rotated with predetermined rotational speed, a predetermined constant voltage is impressed from a 
constant voltage power supply 4 between inside-and-outside ring la of bearing 1, and lb. Although a 
current flows between inside-and-outside ring la and lb at this time, an electrical potential difference is 
changed by a spark etc. The electrical potential difference is measured with resistance measurement 
equipment 5. then it is changed into digital value, a processing unit 7 asks for the wave number per the 
maximum resistance and predetermined unit time amount based on the digital signal, and the value is 
displayed on a display 8 by the A/D-conversion circuit 6. 
[0082] 

A Measuring condition is shown below. 

Inner-ring-of-spiral-wound-gasket rotational speed: lOOmin-1 

Radial road (Fr):19.6N given to bearing 1 

Seal-of-approval electrical potential difference : 6.2V 

Maximum current :IOOmicroA 

Series resistance: 62kohm 

Ambient temperature : 40 degrees C 

Ambient atmosphere humidity : 50%RH 

A conductive evaluation result is shown in Tables 1 and 2. In addition, the bearing resistance of a 
publication is shown in Tables 1 and 2 by the relative value at the time of setting the bearing resistance 
of the example A2 of a comparison to 1 . 
[0083] 

[About the evaluation approach of rust-proofing nature] 

the constant temperature adjusted to RH 80 degrees C and 90% where it filled up the opening circles of 
anti-friction bearing (bearing-number 6202VV, the bore of 1 5mm. the outer diameter of 35mm, width of 
face of 8mm) with 35% of grease constituent of the volume and the load of the 39.2 Ns of the axial bond 
precompression is carried out to them — it put into the constant humidity chamber, in order to make 
anti-friction bearing produce dew condensation, without it heats anti-friction bearing beforehand in that 
case — the condition of ordinary temperature — constant temperature ~ it put in in the constant 
humidity chamber, and constant temperature — after putting on a constant humidity chamber gently for 
one month, the situation of the rust which disassembled anti-friction bearing and has been generated in 
the orbital plane was observed with the naked eye. And it evaluated to the following ranks. 
[0084] 

#7: With no generating of rust 

#6: silverfish — those minute of a ** with rust 

#5: Those [ with a diameter of 0.3mm or less ] punctiform with rust 

#4: Those [ with a diameter of 1 .0mm or less ] with rust 

#3: Those [ with a diameter of 5.0mm or less ] with rust 

#2: Those [ with a diameter of 1 0.0mm or less ] with rust 

#1 : an orbital plane — rust is mostly generated on the whole surface 

In addition, #7-#5 were made good [ rust-proofing nature ], and #4-#1 was made into poor rust-proofing 

nature. An evaluation result is collectively shown in Table 1 and 2. 

[0085] 

Next, the evaluation result of the various above-mentioned engine performance is considered, referring 
to Table 1 and 2. 
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[About the evaluation result of load carrying capacity] 

Since the grease constituent of an example A1 - A5 contained calcium sulfonate complex, it was burned 
compared with the examplie A1 of a comparison and example A3 of a comparison which do not contain 
it/and the load was large and load carrying capacity was excellent. 
[0086] 

[About a conductive evaluation result] 

Since the grease constituent of an example A1 - A5 contained carbon black, compared with the example 
A2 of a comparison and example A3 of a comparison which do not contain it, the resistance of anti- 
friction bearing was small, and conductivity was excellent. 
[About the evaluation result of rust-proofing nature] 

Since the grease constituent of an example A1 - A5 contained calcium sulfonate complex, there was 
little generating of rust compared with the example A1 of a comparison and example A3 of a comparison 
which do not contain it. and rust-proofing nature was excellent. 
[0087] 

What graph-ized the result of evaluation of an example A1 - A5 and the rust-proofing nature of the 
grease constituent of the examples A1 and A2 of a comparison, load carrying capacity, and conductivity 
is shown in drawing 3 and drawing 4 . The axis of abscissa of both graphs shows the rate of the calcium 
sulfonate complex in a thickening agent. 

These graphs show that each of rust-proofing nature, load carrying capacity, and conductivity is 
excellent, when the rate of the calcium sulfonate complex in a thickening agent is five to 95 mass % 
(namely, the rate of carbon black 95 to 5 mass %). 
[0088] 

Moreover, what changed various contents of a thickening agent in the grease constituent of example A3 
was prepared, and those worked penetration and biodegradability (whenever [ biodegradation / which 
was specified to L-33-T-82 of GEO ]) were evaluated. The result is shown in the graph of drawing 5 . 
This graph shows that it is necessary to make the content of a thickening agent into five to 35 mass %, 
in order to make worked penetration proper (200-300). Since it is low torque and low raising dust, the 
rolling equipment with which worked penetration was filled up with the grease constituent of 200-300 is 
applicable suitable for information machines and equipment etc. In addition, although the upward arrow 
head is given to the plot in case the content of a thickening agent is 1 mass %, since there are too few 
contents of a thickening agent, this shows having not become grease-like. 
[0089] 

And in order to make biodegradability of a grease constituent good (whenever [ biodegradation ] is 80% 
or more), it turns out that it is necessary to make the content of a thickening agent below into 20 mass 
%. However, since it becomes difficult to maintain grease structure as mentioned above as the content 
of a thickening agent is under 3 mass %, it is necessary to make the content of a thickening agent into 
three to 20 mass %. 

B. The grease constituent using poly urea as the second thickening-agent component 
[Example B1] 

First, as it was the following, diurea wais compounded in base oil. 
[0090] 

After the kinematic viscosity in 40 degrees C added diphenylmethane -4 and 4 -diisocyanate l.lg to 
pentaerythritol tetra-ester 1 50g of 33.6mm2 / s. heated at 60 degrees C and made it dissolve 
completely. KISHIRU amine 0.95g and pentaerythritol tetra-ester 1 50g were added and agitated to cycle. 
After holding for 60 minutes at 100 degrees G, it heated to 150 degrees G and the generation reaction 
of diurea was terminated. 
[0091] 

The mixture obtained by the above-mentioned actuation was cooled at 60 degrees G. and carbon black 
38g and dialkyi diphenyl ether 140g were added and agitated. Furthermore, lOg of amine system 
antioxidants and lOg of sulfonate system rusr-proofers were added, mill processing and degassing 
processing were performed, and the grease constituent was obtained. The mass ratio of the carbon 
black and diurea which are a thickening agent was 95:5. 
[0092] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEG about this grease 
constituent ] was measured, it had the biodegradability excellent in 89%. 
[Example B-2] 

The point of changing the amount of the raw material used of diurea etc., and kinematic viscosity [ in / 
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in the kinematic viscosity in 40 degrees C / the pentaerythritol tetra-ester of 33.6mm2 / s and 40 
degrees C ] are a mixed oil (a mixing ratio) with the Pori alpha olefin oil of 47.1 mm2 / s, a mass ratio — 
pentaerythritol tetra-ester: — if the point using Pori alpha olefin oil =80:20 as base oil was removed, the 
grease constituent whose mass ratio of carbon black and diurea is 90:10 was obtained like the example 
B1. 

[0093] 

When whenever [ biodegradation / which was specified to L-33-T-82 of GEO about this grease 
constituent ] was measured, it had the biodegradability excellent in 80%. 
[Example B3] 

If the point of changing the amount of the raw material used of diurea etc. was removed, the grease 
constituent whose mass ratio of carbon black and diurea is 50:50 was obtained like the example B1. 
[0094] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 84%. 
[Example 84] 

If the point of changing the amount of the raw material used of diurea etc. was removed, the grease 
constituent whose mass ratio of carbon black and diurea is 10:90 was obtained like the example 81. 
[0095] 

It was 48% when whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this 
grease constituent ] was measured. 
[Example 85] 

If the point of changing the amount of the raw material used of diurea etc. was removed, the grease 
constituent whose mass ratio of carbon black and diurea is 5:95 was obtained like the example 81. 
[0096] 

[The example 81 of a comparison] 

It is lithium soap system grease of a commercial item. In addition, base oil is paraffin series mineral oil. 
[Example B~2 of a comparison] 

The kinematic viscosity in 40 degrees C added carbon black 40g to 300g of paraffin series mineral oil of 
75mm2 / s, and fully agitated at 60 degrees C. Furthermore, after adding and agitating 1 53.5g of paraffin 
series mineral oil, it heated at 100 degrees C. And 2.6-di-t-butyl-p-cresol, phenyl-1-naphthylamine, and 
2.5g of sorbitan mono-olate were added, respectively, mill processing and degassing processing were 
performed, and the grease constituent was obtained. 
[0097] 

[The example 83 of a comparison] 

After the kinematic viscosity in 40 degrees C added diphenylmethane -4 and 4 -diisocyanate 40g to 
200g of paraffin series mineral oil of 75mm2 / s, heated at 60 degrees C and made it dissolve 
completely, KISHIRU amine 35g and 205g of paraffin series mineral oil were added and agitated to cycle. 
After holding for 60 minutes at 1 00 degrees C, it heated to 1 50 degrees C and the generation reaction 
of diurea was terminated. 
[0098] 

lOg of amine system antioxidants and lOg of sulfonate system rusr-proofers were added to the mixture 
obtained by the above-mentioned actuation, mill processing and degassing processing were performed, 
and the grease constituent was obtained. 

Worked penetration and the dropping point were measured about these eight sorts of grease 
constituents (an example 81 - 85. and examples 81-83 of a comparison) (based on JIS K2220). The 
result is combined with the presentation of a grease constituent, and is collectively shown in Table 3 
and 4. In addition, the numeric value indicated by the column of "the class of thickening agent" of Table 
3 and 4 is the quantitative ratio of each component which constitutes the thickening agent at the time 
of setting the whole thickening agent to 100. Moreover, the numeric value indicated by the column of 
"the amount of a thickening agent", "the amount of base oil", and "the amount of an additive" is the 
quantitative ratio of the thickening agent at the time of setting the whole grease constituent to 100, 
base oil. and an additive. 
[0099] 
[Table 3] 
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[0100] 
[Table 4] 
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[0101] 

Moreover, the endurance (lubrication life) of these grease constituents and conductivity were evaluated 
collectively. The approach is explained below. 
[About the evaluation approach of endurance] 

The deep groove ball bearing (bearing-number 6306VV, the bore of 30mm, the outer diameter of 72mm. 
width of face of 19mm) filled up with 5g of grease constituents of an example B1 - B5. and the examples 
B1-B3 of a comparison, respectively was prepared. 
[0102] 

The testing machine similar to the bearing life testing machine of ASTM D 1 741 as shown in drawing 6 
was equipped with these deep groove ball bearings. And under the temperature of 120 degrees C, 690 
Ns of radial roads, and 490 Ns of axial loads, it was made to rotate by the motor (not shown) with the 
rotational speed of 1000min-1, and time amount until this motor stops in an overload, or time amount 
until the temperature of a deep groove ball bearing exceeds 130 degrees C was made into the life. 
[0103] 

The evaluation result of endurance is collectively shown in Table 3 and 4. In addition, the relative value 
at the time of setting the life of the grease constituent of the example B1 of a comparison to 1 has 
shown the numeric value of the life indicated in Table 3 and 4. 
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[About the conductive evaluation approach] 

Conductive evaluation was performed completely like the above-mentioned. A conductive evaluation 
result is collectively shown in Table 3 and 4. In addition, the bearing resistance of a publication is shown 
in table 3 and 4 by the relative value at the time of setting the bearing resistance of the example B1 of 
a comparison to 1 . 
[0104] 

[About the evaluation result of endurance] 

Since the grease constituent of an example B1 - B5 contained diurea. compared with the example 81 of 
a comparison and example B-2 of a comparison which do not contain it, it was long lasting, and had the 
endurance which was excellent under the elevated temperature. 
[About a conductive evaluation result] 

Since the grease constituent of an example B1 - B5 contained carbon black, compared with the 
example B1 of a comparison and the example B3 of a comparison which do not contain it, the resistance 
of anti-friction bearing was small, and conductivity was excellent. 
[0105] 

Next, the rate of the carbon black and diurea in a thickening agent was examined. That is, endurance 
(lubrication life) and conductivity (bearing resistance) were evaluated like the above-mentioned about 
the various grease constituents with which the rates of carbon black and diurea differ. In addition, the 
content of a thickening agent was unified into 18 mass % of the whole grease constituent. Moreover, the 
pentaerythritol tetra-ester whose kinematic viscosity in 40 degrees C is 33.6mm2 / s was used for base 
oil. 

[0106] 

The result of evaluation is shown in the graph of drawing 7 . In addition, the relative value at the time of 
setting the above-mentioned lubrication life and above-mentioned bearing resistance of a grease 
constituent of the example B1 of a comparison to 1 has shown the numeric value of the lubrication life 
in this graph, and bearing resistance. 

it turns out that the lubrication (namely, — rate of diurea is 95 to 5 mass %) life is excellent in the rate 
of carbon black being five to 95 mass % from the graph of drawing 7 . and the lubrication life is further 
excellent in it being ten to 90 mass %. Moreover, it turns out that bearing resistance is low and 
conductivity is excellent in the rate of carbon black being more than 5 mass %. 
[0107] 

Next, the various grease constituents with which the contents of the thickening agent in a grease 
constituent differ were prepared, and whenever [ biodegradation ] (what was specified to L-33-T-82 of 
CEC) was evaluated. In addition, the rate of the carbon black and diurea in a thickening agent was 
unified into carbon black:diurea =50:50 (mass ratio). Moreover, the pentaerythritol tetra-ester whose 
kinematic viscosity in 40 degrees C is 33.6mm2 / s was used for biase oil. 
[0108] 

The result of evaluation of whenever [ biodegradation ] is shown in the graph of drawing 8 . It turns out 
that a grease constituent shows whenever [ of / that the content of a thickening agent is below 20 
mass % / 80% or more / outstanding biodegradation ]. 

C. The grease constituent using metal compound soap as the second thickening-agent component 
[Example CI] 

First, as it was the following, metal compound soap was compounded in base oil. 
[0109] 

The kinematic viscosity in 40 degrees C added 1.4g of 12-hydroxy stearin acid to pentaerythritol tetra- 
ester 240g of 33.6mm2 / s, heated at 90 degrees C, and made it dissolve completely. 0.2g of lithium- 
hydroxide water solutions was added 50%, it agitated there, and saponification reaction and dehydration 
were performed. 

Furthermore, after agitating until it added 0.43g of azelaic acids and became homogeneity, 0.2g of 
lithium-hydroxide water solutions was added 50%, and it agitated. And it heated at 200 degrees C, the 
saponification reaction and dehydration of an azelaic acid were performed, and the generation reaction 
of metal compound soap was terminated. 
[0110] 

Thus, the obtained mixture was cooled at 60 degrees C, and carbon black 38g and pentaerythritol tetra- 
ester 200g were added. Then, lOg of amine system antioxidants and lOg of sulfonate system rusi^ 
proofers were added, mill processing and degassing processing were performed, and the grease 
constituent was obtained. The mass ratio of the carbon black and lithium compound soap which are a 
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thickening agent was 95:5. 
[0111] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 93%. 
[Example C2] 

The point of changing the amount of the raw material used of lithium compound soap etc., and kinematic 
viscosity [ in / in the kinematic viscosity in 40 degrees C / the pentaerythritol tetra-ester of 33.6mm2 / 
s and 40 degrees C ] are a mixed oil (a mixing ratio) with the Fori alpha olefin oil of 47.1 mm2 / s. a mass 
ratio — pentaerythritol tetra-ester: — if the point using Fori alpha olefin oil =80:20 as base oil was 
removed, the grease constituent whose mass ratio of carbon black and lithium compound soap is 90:10 
was obtained like the example CI. 
[0112] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 82%. 
[Example C3] 

If the point of changing the amount of the raw material used of lithium compound soap etc. was 
removed, the grease constituent whose mass ratio of carbon black and lithium compound soap is 50:50 
was obtained like the example CI. 
[0113] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 82%. 
[Example C4] 

If the point of changing the amount of the raw material used of lithium compound soap etc. was 
removed, the grease constituent whose mass ratio of carbon black and lithium compound soap is 1 0:90 
was obtained like the example CI. 
[0114] 

It was 58% when whenever [ biodegradation / which was specified to L-33-T^82 of CEC about this 
grease constituent ] was measured. 
[Example C5] 

If the point of changing the amount of the raw material used of lithium compound soap etc. was 
removed, the grease constituent whose mass ratio of carbon black and lithium compound soap is 5:95 
was obtained like the example CI. 
[0115] 

[The example CI of a comparison] 

It is lithium soap system grease of the same commercial item as the above-mentioned example B1 of a 
comparison. 

[The example C2 of a comparison] 

It is the same as that of above-mentioned example B-2 of a comparison. 
[The example C3 of a comparison] 

The kinematic viscosity in 40 degrees C added 34.1 g of 12-hydroxy stearin acid to 230g of paraffin 
series mineral oil of 75mm2 / s, heated at 90 degrees C, and made it dissolve completely. 5.1 g of 
lithium-hydroxide water solutions was added 50%, it agitated there, and saponification reaction and 
dehydration were performed. 
[01 16] 

Furthermore, after agitating until it added 10.8g of azelaic acids and became homogeneity, 5.1 g of 
lithium-hydroxide water solutions was added 50%, and it agitated. And it heated at 200 degrees C, the 
saponification reaction and dehydration of an azelaic acid were performed, and the generation reaction 
of metal compound soap was terminated. 

Then, 200g of paraffin series mineral oil, lOg of amine system antioxidants, and lOg of sulfonate system 
rusr-proofers were added, mill processing and degassing processing were performed, and the grease 
constituent was obtained. 
[0117] 

Worked penetration and the dropping point were measured about these eight sorts of grease 
constituents (examples C1-C5 and examples C1-C3 of a comparison) (based on JIS K2220). The result 
is combined with the presentation of a grease constituent, and is collectively shown in Table 5 and 6. In 
addition, the numeric value indicated by the column of "the class of thickening agent" of Table 5 and 6 
is the quantitative ratio of each component which constitutes the thickening agent at the time of setting 
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the whole thickening agent to 100. Moreover, the numeric value indicated by the column of "the amount 

of a thickening agent", "the amount of base oil", and "the amount of an additive" is the quantitative 

ratio of the thickening agent at the time of setting the whole grease constituent to 100, base oil, and an 

additive. 

[0118] 
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[0119] 
[Table 6] 
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[0120] . ^ . . I 4.^ 

Moreover, the endurance (lubrication life) of these grease constituents and conductivity were evaluated 
collectively. Since the approach is the same as that of the above-mentioned, explanation is omitted. 
Endurance and a conductive evaluation result are collectively shown in Table 5 and 6. In addition, the 
relative value at the time of setting the life and bearing resistance of a grease constituent of the 
example CI of a comparison to 1 has shown the numeric value and bearing resistance of a life which are 
indicated in Table 5 and 6. 
[0121] 

[About the evaluation result of endurance] • u u 

Since the grease constituent of examples C1-C5 contained lithium compound soap, compared with the 
example CI of a comparison and the example G2 of a comparison which do not contain it. it was long 
lasting, and had the endurance which was excellent under the elevated temperature. 
[About a conductive evaluation result] 

Since the grease constituent of examples C1-C5 contained cart)on black, compared with the exarnple 
CI of a comparison and the example C3 of a comparison which do not contain it. the resistance of anti- 
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friction bearing was small, and conductivity was excellent. 
[0122] 

Next, the rate of the carbon black and lithium compound soap in a thickening agent was examined. That 
isrendurance (lubrication life) and conductivity (bearing resistance) were evaluated like the above- 
mentioned about the various grease constituents with which the rates of carbon black and lithium 
compound soap differ. In addition, the content of a thickening agent was unified into 18 mass % of the 
whole grease constituent. Moreover, the pentaerythritol tetra-ester whose kinematic viscosity in 40 
degrees C is 33.6mm2 / s was used for base oil. 
[0123] 

The result of evaluation is shown in the graph of drawing 9 . In addition, the relative value at the time of 
setting the above-mentioned lubrication life and above-mentioned bearing resistance of a grease 
constituent of the example CI of a comparison to 1 has shown the numeric value of the lubrication life 
in this graph, and bearing resistance. 

it turns out that the lubrication (namely, — rate of lithium compound soap is 95 to 5 mass %) life is 
excellent in the rate of carbon black being five to 95 mass % from the graph of drawing 9 . and the 
lubrication life is further excellent in it being ten to 90 mass %. Moreover, it turns out that bearing 
resistance is low and conductivity is excellent in the rate of carbon black being more than 5 mass %. 
[0124] 

Next, the various grease constituents with which the contents of the thickening agent in a grease 
constituent differ were prepared, and whenever [ biodegradation ] (what was specified to L-33-T-82 of 
CEC) was evaluated. In addition, the rate of the carbon black and lithium compound soap in a thickening 
agent was unified into carbon blacklithium compound soap =50:50 (mass ratio). Moreover, the 
pentaerythritol tetra-ester whose kinematic viscosity in 40 degrees C is 33.6mm2 / s was used for base 
oil. 

[0125] 

The result of evaluation of whenever [ biodegradation ] is shown in the graph of drawing 10 . It turns out 
that a grease constituent shows whenever [ of / that the content of a thickening agent is below 20 
mass % / 80% or more / outstanding biodegradation ]. 

D. The grease constituent using N^permutation terephthalamide acid metal salt as the second 
thickening-agent component 
[Example D1] 

First, as it was the following. N-octadecyl terephthalamide acid metal salt was compounded in base oil. 
[0126] 

The kinematic viscosity in 40 degrees C added methyl ester 1.8g of N-octadecyl terephthalamide acid to 
pentaerythritol tetra-ester 1 50g of 33.6mm2 / s, and heated and dissolved in 1 30 degrees C. Then, it 
cooled at 100 degrees C or less, and 0.4g of sodium-hydroxide water solutions was added 50%. And it 
heated gradually, agitating enough and saponification was performed. In 1 50 degrees C. pentaerythritol 
tetra-ester 1 50g was further added after saponification termination, and it heated to 200 degrees C. 
[0127] 

The mixture obtained by the above-mentioned actuation was cooled at 60 degrees C. and carbon black 
38g and pentaerythritol tetra-ester 152.5g were added. Then. 2.6-di-t-butyl-p-cresol. phenyl-1- 
naphthylamine. and 2.5g of sorbitan mono-olate were added, respectively, mill processing and degassing 
processing were performed, and the grease constituent was obtained. The mass ratio of the carbon 
black and N-octadecyl terephthalamide acid sodium which are a thickening agent was 95:5. 
[0128] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 95%. 
[Example D2] 

The point of changing the amount of the raw material used of N-octadecyl terephthalamide acid sodium 
etc.. Kinematic viscosity [ in / in the kinematic viscosity in 40 degrees C / the pentaerythritol tetra- 
ester of 33.6mm2 / s and 40 degrees C ] is a mixed oil (a mixing ratio) with the Pori alpha olefin oil of 
47.1 mm2 / s. The point are a mass ratio and using pentaerythritol tetrapod esterPori alpha olefin oil 
=80:20 as base oil, ******** obtained the grease constituent whose mass ratio of carbon black and N- 
octadecyl terephthalamide acid sodium is 90:10 like the example D1. 
[0129] 

When whenever [ biodegradation / which was specified to L— 33— T— 82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 84%. 
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[Example D3] 

If the point of changing the amount of the raw material used of N-octadecyl terephthalamide acid 
sodium etc. was removed, the grease constituent whose mass ratio of carbon black and N-octadecyl 
terephthalamide acid sodium is 50:50 was obtained like the example D1. 
[0130] 

When whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this grease 
constituent ] was measured, it had the biodegradability excellent in 82%. 
[Example D4] 

If the point of changing the amount of the raw material used of N-octadecyl terephthalamide acid 
sodium etc. was removed, the grease constituent whose mass ratio of carbon black and N-octadecyl 
terephthalamide acid sodium is 10:90 was obtained like the example D1. 
[0131] 

It was 55% when whenever [ biodegradation / which was specified to L-33-T-82 of CEC about this 
grease constituent ] was measured. 
[Example D5] 

If the point of changing the amount of the raw material used of N-octadecyl terephthalamide acid 
sodium etc. was removed, the grease constituent whose mass ratio of carbon black and N-octadecyl 
terephthalamide acid sodium is 5:95 was obtained like the example D1. 
[0132] 

[The example D1 of a comparison] 

It is lithium soap system grease of the same commercial item as the above-mentioned example B1 of a 
comparison. 

[The example D2 of a comparison] 

It is the same as that of above-mentioned example B-2 of a comparison. 
[The example D3 of a comparison] 

Methyl ester 1 57.5g of N-octadecyl terephthalamide acid was added, and the kinematic viscosity in 40 
degrees C heated at 130 degrees C, and dissolved in 150g of paraffin series mineral oil of 75mm2 / s. 
Then, it cooled at 1 00 degrees C or less, and 35g of sodium-hydroxide water solutions was added 50%. 
And it heated gradually, agitating enough and saponification was perFormed. In 150 degrees C, 150g of 
paraffin series mineral oil was further added after saponification termination, and it heated to 200 
degrees C. 
[0133] 

Then, 2,6-di-t-butyl-p-cresol, pheny|-1-naphthylamine. and 2.5g of sorbitan mono-olate were added, 
respectively, mill processing and degassing processing were performed, and the grease constituent was 
obtained. 

Worked penetration and the dropping point were measured about these eight sorts of grease 
constituents (examples D1-D5 and examples D1-D3 of a comparison) (based on JIS K2220). The result 
is combined with the presentation of a grease constituent, and is collectively shown in Table 7 and 8. In 
addition, the numeric value indicated by the column of "the class of thickening agent" of Table 7 and 8 
is the quantitative ratio of each component which constitutes the thickening agent at the time of setting 
the whole thickening agent to 100. Moreover, the numeric value indicated by the column of "the amount 
of a thickening agent", "the amount of base oil", and "the amount of an additive" is the quantitative 
ratio of the thickening agent at the time of setting the whole grease constituent to 100, base oil, and an 
additive. 
[0134] 
[Table 7] 
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[0135] 
[Table 8] 
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[0136] 

Moreover, the endurance (lubrication life) of these grease constituents and conductivity were evaluated 
collectively. The approach is explained below. 
[About the evaluation approach of endurance] 

The deep groove ball bearing (bearing-number 6306W, the bore of 30mm. the outer diameter of 72mm, 
width of face of 19mm) filled up with 5g of grease constituents of examples D1-D5 and the examples 
D1-D3 of a comparison, respectively was prepared. 
[0137] 

The testing machine similar to the bearing life testing machine of ASTM D 1 741 as shown in drawing 6 
was equipped with these deep groove ball bearings. And under the temperature of 90 degrees C. 690 Ns 
of radial roads, and 490 Ns of axial loads, it was made to rotate by the motor (not shown) with the 
rotational speed of 1000min-1, and time amount until this motor stops in an overload, or time amount 
until the temperature of a deep groove ball bearing exceeds 100 degrees C was made into the life. 
[0138] 
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The evaluation result of endurance is collectively shown in Table 7 and 8. In addition, the relative value 
at the time of setting the life of the grease constituent of the example Dl of a comparison to 1 has 
shown the numeric value of the life indicated in Table 7 and 8, 
[About the conductive evaluation approach] 

Conductive evaluation was performed completely like the above-mentioned. A conductive evaluation 
result is collectively shown in Table 7 and 8. In addition, the bearing resistance of a publication is shown 
in Table 7 and 8 by the relative value at the time of setting the bearing resistance of the example Dl of 
a comparison to 1 . 
[0139] 

[About the evaluation result of endurance] 

Since the grease constituent of examples D1-D5 contained N-octadecyl terephthalamide acid sodium, 
compared with the example Dl of a comparison and the example D2 of a comparison which do not 
contain it, it was long lasting, and had the endurance which was excellent under the elevated 
temperature. 

[About a conductive evaluation result] 

Since the grease constituent of examples D1-D5 contained carbon black, compared with the example 
Dl of a comparison and the example D3 of a comparison which do not contain it, the resistance of anti- 
friction bearing was small, and conductivity was excellent. 
[0140] 

Next, the rate of the carbon black and N-octadecyl terephthalamide acid sodium in a thickening agent 
was examined. That is. endurance (lubrication life) and conductivity (bearing resistance) were evaluated 
like the above-mentioned about the various grease constituents with which the rates of carbon black 
and N-octadecyl terephthalamide acid sodium differ. In addition, the content of a thickening agent was 
unified into 18 mass % of the whole grease constituent. Moreover, the pentaerythritol tetra-ester whose 
kinematic viscosity in 40 degrees C is 33.6mm2 / s was used for base oil. 
[0141] 

The result of evaluation is shown in the graph of drawing 1 1 . In addition, the relative value at the time 
of setting the above-mentioned lubrication life and above-mentioned bearing resistance of a grease 
constituent of the example Dl of a comparison to 1 has shown the numeric value of the lubrication life 
in this graph, and bearing resistance. 

it turns out that the lubrication (namely. — rate of N-octadecyl terephthalamide acid sodium is 95 to 5 
mass %) life is excellent in the rate of carbon black being five to 95 mass % from the graph of drawing 
11 . and the lubrication life is further excellent in it being ten to 90 mass %. Moreover, it turns out that 
bearing resistance is low and conductivity is excellent in. the rate of carbon black being more than 5 
mass %. 
[0142] 

Next, the various grease constituents with which the contents of the thickening agent in a grease 
constituent differ were prepared, and whenever [ biodegradation ] (what was specified to L-33-T-82 of 
CEC) was evaluated. In addition, the rate of the carbon black and N-octadecyl terephthalamide acid 
sodium in a thickening agent was unified into carbon blackiN-octadecyl terephthalamide acid sodium 
=50:50 (mass ratio). Moreover, the pentaerythritol tetra-ester whose kinematic viscosity in 40 degrees C 
is 33.6mm2 / s was used for base oil. 
[0143] 

The result of evaluation of whenever [ biodegradation ] is shown in the graph of drawing 12 . It turns out 
that a grease constituent shows whenever [ of / that the content of a thickening agent is below 20 
mass % / 80% or more / outstanding biodegradation ]. 

In addition, this operation gestalt shows an example of this invention, and this invention is not limited to 

this operation gestalt. 

[0144] 

For example, the class and amount of base oil and a thickening agent are not limited to the above- 
mentioned thing, and may add other additives further to a grease constituent. 
Moreover, although the deep groove ball bearing was raised and explained as an example of rolling 
equipment in this operation gestalt, this invention is applicable to various antiHriction bearings of other 
classes. For example, it is anti-friction bearing of thrust forms, such as anti-friction bearing of radial 
forms, such as an angular contact ball bearing, a self-aligning ball bearing, a cylindrical roller bearing, 
circular-cone roller bearing, a needle bearing, and self-aligning roller bearing, and ball thrust bearing, a 
thrust roller bearing. 
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[0145] 

Moreover, this invention can be applied to various rolling equipments of not only anti-friction bearing but 
other classes, when it is used under the severe conditions of an elevated temperature, a high speed, and 
the Takani pile and conductivity is required. For example, they are a ball thread, linear guide equipment, 
direct-acting bearing, etc. 
[0146] 

[Effect of the Invention] 

As mentioned above, the grease constituent of claims 1 -6 concerning this invention is excellent in 
thermal resistance and conductivity. 

Moreover, in addition to excelling in thermal resistance and conductivity, the grease constituent of 
claims 7-9 concerning this invention has the outstanding biodegradability. Therefore, even if emitted to 
natural environment, it is hard to have a bad influence on water quality, soil, etc. 
[0147] 

Furthermore, even if the rolling equipment of claims 10-12 concerning this invention is used under the 
severe conditions of an elevated temperature, a high speed, and the Takani pile, is long lasting and is 
emitted to natural environment, it cannot have a bad influence on water quality, soil, etc. easily. 
Therefore, it is usable suitable for a business machine, an automobile electric equipment article, 
automobile engine auxiliary machinery, etc. 
[Brief Description of the Drawings] 

[Drawing 1] It is partial drawing of longitudinal section showing the structure of the deep groove ball 
bearing which is 1 operation gestalt of the rolling equipment concerning this invention. 
[Drawing 2] It is the outline block diagram of the equipment which measures the resistance of bearing. 
[Drawing 3] It is the graph of the calcium sulfonate complex in a thickening agent which shows the rust- 
proofing nature of a grease constituent and the bearing resistance of a ball bearing, and correlation of 
** comparatively. 

[Drawing 4] It is the graph of the calcium sulfonate complex in a thickening agent which shows the 
seizure load of a grease constituent and the bearing resistance of a ball bearing, and correlation of 
comparatively. 

[Drawing 5] In the grease constituent which contains calcium sulfonate complex as a thickening agent, it 
is the graph which shows correlation of whenever [ content / of a thickening agent /, worked- 
penetration / of a grease constituent /, and biodegradation ], and **. 

[Drawing 6] It is the sectional view showing the configuration of the bearing life testing machine by 
which the lubrication life of the bearing which enclosed the grease constituent is evaluated. 
[Drawing 7] In the grease constituent which contains diurea as a thickening agent, it is the graph of the 
carbon black in a thickening agent which shows the lubrication life of a ball bearing and bearing 
resistance, and correlation of ** comparatively. 

[Drawing 8] In the grease constituent which contains diurea as a thickening agent, it is the graph which 
shows correlation of whenever [ content / of a thickening agent /, and biodegradation / of a grease 
constituent ]. 

[Drawing 9] In the grease constituent which contains lithium compound soap as a thickening agent, it is 
the graph of the carbon black in a thickening agent which shows the lubrication life of a ball bearing and 
bearing resistance, and correlation of *♦ comparatively. 

[Drawing 10] In the grease constituent which contains lithium compound soap as a thickening agent, it is 
the graph which shows correlation of whenever [ content / of a thickening agent /, and biodegradation / 
of a grease constituent ]. 

[Drawing 11] In the grease constituent which contains N-octadecyl terephthalamide acid sodium as a 
thickening agent, it is the graph of the carbon black in a thickening agent which shows the lubrication life 
of a ball bearing and bearing resistance, and correlation of ** comparatively. 

[Drawing 12] In the grease constituent which contains N-octadecyl terephthalamide acid sodium as a 
thickening agent, it is the graph which shows correlation of whenever [ content / of a thickening 
agent /, and biodegradation / of a grease constituent ]. 
[Description of Notations] 

21 Ball Bearing 

22 Outer Ring of Spiral Wound Gasket 

22a Outer-ring-of^spiral-wound-gasket orbital plane 

23 Inner Ring of Spiral Wound Gasket 

23a Inner-ring-of-spiral-wound-gasket orbital plane 
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24 Ball 

27 Grease Constituent 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is partial drawing of longitudinal section showing the structure of the deep groove ball 
bearing which is 1 operation gestalt of the rolling equipment concerning this invention. 
[Drawing 2] It is the outline block diagram of the equipment which measures the resistance of bearing. 
[Drawing 3] It is the graph of the calcium sulfonate complex in a thickening agent which shows the rust- 
proofing nature of a grease constituent and the bearing resistance of a ball bearing, and correlation of 
** comparatively. 

[Drawing 4] It is the graph of the calcium sulfonate complex in a thickening agent which shows the 
seizure load of a grease constituent and the bearing resistance of a ball bearing, and correlation of 
comparatively. 

[Drawing 5] In the grease constituent which contains calcium sulfonate complex as a thickening agent, it 
is the graph which shows correlation of whenever [ content / of a thickening agent /, worked- 
penetration / of a grease constituent /, and biodegradation ]. and **. 

[Drawing 6] It is the sectional view showing the configuration of the bearing life testing machine by 
which the lubrication life of the bearing which enclosed the grease constituent is evaluated. 
[Drawing 7] In the grease constituent which contains diurea as a thickening agent, it is the graph of the 
carbon black in a thickening agent which shows the lubrication life of a ball bearing and bearing 
resistance, and correlation of ** comparatively. 

[Drawing 8] In the grease constituent which contains diurea as a thickening agent, it is the graph which 
shows correlation of whenever [ content / of a thickening agent /, and biodegradation / of a grease 
constituent ]. 

[Drawing 9] In the grease constituent which contains lithium compound soap as a thickening agent, it is 
the graph of the carbon black in a thickening agent which shows the lubrication life of a ball bearing and 
bearing resistance, and correlation of ** comparatively. 

[Drawing 10] In the grease constituent which contains lithium compound soap as a thickening agent, it is 
the graph which shows correlation of whenever [ content / of a thickening agent /, and biodegradation / 
of a grease constituent ]. 

[Drawing 1 1] In the grease constituent which contains N-octadecyl terephthalamide acid sodium as a 
thickening agent, it is the graph of the carbon black in a thickening agent which shows the lubrication life 
of a ball bearing and bearing resistance, and correlation of ♦* comparatively. 

[Drawing 12] In the grease constituent which contains N-octadecyl terephthalamide acid sodium as a 
thickening agent, it is the graph which shows correlation of whenever [ content / of a thickening 
agent /. and biodegradation / of a grease constituent ]. 
[Description of Notations] 

21 Ball Bearing 

22 Outer Ring of Spiral Wound Gasket 

22a Outer-ring~of-spiral-wound-gasket orbital plane 

23 Inner Ring of Spiral Wound Gasket 

23a Inner^ring-of-spiral-wound-gasket orbital plane 

24 Ball 

27 Grease Constituent 
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, Jcf-;i/^;^->;PT ^ >, •r>';i'7 5>', ^ >'f-*vJW7 ^ >, Y*-rz^)^T < > , 7- h y ■T 

z^)ur^y, 9 fy^^T , J •i-T'v )\^7 \y , ^-r-y y^T ^y , ^vA)vt 

^y , J Vy{ )V7 ^y , ^) J V=.f\/T \y , O'x^ v';VT ^ >. j:.f-;V->^' 

n^^v;V/75>', ->*p< f-;Vv'^ n^^v;i/7 5 v Ji'f-;v->:5' a^:^ v;V7 5 >, -f 
■=f-)V=y^U^^i/)VT^y, •/n\£)\y'y^ U^^'y)\^T <y, T ^ ^ U^^^r-y )PT ^ 
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^y-f^-T^^ 75y-f>':J^>, 7 ^ y - I - ;^^\^y^ yr'y^<o-^ yry%T ^yVc 
"^m. r ^ y i-y ^ vy {i-y^)VT <y) . 7 ^ y y^)^i'y ^ uy . r ^ y 
y^vy, r^yvy^)\^-yy9vy^ r^j^^vy^ r ^ j ^—s^-fy 9 vy ^ 75 
J y s.—)\^-i-y if vy ^ T\ J^y'y)y^-tv 9vy^ 7? y v:^7■f•;^7^ 7^yif 
75 y - 1 , 2-vt:Kn-f'7^V>. 757-1, \ -V\LY^-ty 9 vy 
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^(11) ^<Dmmw.^KB^Lfzmm&Ri±s mm^. xim^x-f^ 

32. «^tt<f± 12-22 -e^,«9. 3i^O;^'fk7K.^at?*;i,$i'^t±. R^\:ykm3k'r>Rm 
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/N*— 7;w:t D jc:--r y )\y:fuz/^) ::t — y^, rJ^ n n h u 7 n J^-^ v^fi, 7;w 

^ n 7 * 7. 7 r -t* ^ris^ffi-r ^ c: t -A^X- § ^ o 
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*r<a£T-Cfe»|-raB^tw^#*«^^i-*i3-etL*«a^;i,o mm^^itm&^m < ^j:<>X 
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-;u (-f'^*5*>> ^^t^v^^w^^U (jy.^{iN P G i:|E1-) ) ^ 2 - Jif-JV- 2 - 

7*^;W7'a/N°>- 1 , 3-v•^--'^^ 2, 2 - v l . 3-v;^--;V. 2 
-p<^;v-2-'/tie;v7'n/N-v- 1, 3-->':t~^Vs h 'j 7t^n-;vj^^' 
n-;w:7'uyN-> (UiLP^tiTM P t ISi-) > h U ^ - ;V7'^ >^ h V ^ ^ n - ;V^ + -9- 

(J^XI^JiP E tlfi-T) ^:;6^$)lf ^n-l>o icT^'^^TIi^ NPG 
^ 2 2 -7'ne;V7'n/\->- 1 , a - v;t-;V> TMP. PE*^ftftt<. N 
PG, TMP, P E;6«J|f IcSf ^ Lv^o Cl*Lt,<^^>}-^>f-;i/MjK'J JVJi, TOXJi 2 
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-r y^-/:?' p( f-Jl/^^-^J-li Kn$,i.§i?, n-:t^^>i?s ->'p<f-;^ 
2 -JC-f-^W^^-if^'Se. 2, 4. ^ - Y^} 9 y^L. 4 V-^ ^ ^ y 

m.. 3. 5, 5 - h >BJ. . n-y-^-^m. -^'vy•^vis. >fV7'*>i$ 
ijym.. ^T-^ ym^^^^ifhii. ^<D^x-^t. n-^-y^ym. -^v^y^^m, 
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^hi^. ^^^y^)i'M4iV ^- )VJ^:^7^}\^<DM:i^^'^^if&t. np G t-^T"^ 

<7)v?ji;;<,xMt:'&i^. NP G i: 2 - ^'^t (7)>?J^;^-rMk'^^> NPGt'^^ 

"^yMRif^y^ yW.<r>U'k^t(oi/^:^'rMt^^. twp t^y 9 yWLb(DV >; 
■r)Ht^m. TM.F t^^-^ymt<DhVJ^7.7-Mt^<^. TUP Ly^ym^v":^^ ^ 
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9 y%.<r)Wi^mh(r> y ^) :i^7.'r)\^Vc^^. p e h^y 9yWLh<r)'r ^7.7- MY.^m. 

[0 0 5 4 ] 
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2 -■7°n kfjVT'nys-y- 1 , 3-->':t-JV, 2, 2 - v J^-'^JVT'n/N-:/ - 1 , z-~J^- 
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> f-;vM '"H 'J * - ;v t ;tlil® t ^ ^i"^ :t - ;w t- ^w^r-^^i"* 
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2, 6-v- 1 -7*^-;^- p-7ji-;v7iy-;v, 2, 2' (4- 
6- t . 4, 4' -y^*) ry^:^- 6 - t ^y^)^- 
m-i^UV-)V. -rh^^;^ [^f-U-^-S- (3* . 5* -v-t-r^;W-4' -t 
Kn^i/-7:«i-;i/) -fvyd^^-h] :^ ^ y . \, 3, 5 - b 'J ^ 2 , 4, 6-h 

'j;^ (3, 5 - V- t -T'f^^V- 4 -l^ Kn^v'^^ n-^t^^xv'Jl' 
(4' -tKn^->-3' , 5' - V- t -•7'^^V'-7 j^-JV) 7°ne^^-h. 2 
- n-:t^^;V-f-:t-4, 6-v (4' -tKn:^->-3' , 5' -v-t-y^f-;V) 
3, 5-h';Tv>> 4, 4' ( 6 - t - ;W - m - ^ 

^ 2- (2' -liKa^^/-3' - t - ^f-JW- 5 ' - p< "7 i -5- 

[0 0 5 8] 

)vyi^y y^)7.7-TV'-\- , y )v\L^y^ j y , y y\/\£ 9 y y ^) ^ v 3.- ^^(o 

[0 0 5 9] 

mwt'^')yrym<r>mmM^. ^yvY^)rv-)\^ 

[0 0 6 0] 

^<Dx\±-fj:\,^i3K ^^'^\t^'')~y.m.^m^m^nLx Q . 1 -2 oHa:%-e2b^o 0. 1 

[0 0 6 1 ] 

y^U.WL^K^\f^x 

t-fs likT<DX^\zLX. ^m^X:^ J^7.)vy ^ ^ - Y r^y yv y ^ :^^>kWu\^fz 

o 

[0 0 6 2] 

4 0 *Cl'^lt^il|5teJt7&^*3 3 . 6mm' / s <7)^ > jc>; ;7. U h - ^Vx h 7 x ;w 5 
0 0 gt^> Jtg^«3 0 0 mgKOH/g<7)^Jt^£!4:^Jl'>">A;^;W7:t^- h 2 g ^r3liD 
L. 5 0 'CtCT-h^Htiii|^L/Co ^^l-, ^'^'^O. 0 4g.Sim0. 16g.^'\>'^ 
0. 08g, ^rTU^^O. 08g.*:0. 02g, :^V^:^mti3 )V ^ A i. A 
iPx.> 8 0~ 9 5mi)n?yiLT7K^»%?-i^T|5^*L;t:o ? ^l^. icT^jg-^i^H-m'fbR 

L, 882~886cm-' <7)\:L ~ H-^hR'^^ )V'y y A<7y'^'^it (iJ}V-^-^ hit) i)m 
[0 0 6 3] 
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m:^. ±|B<7)f^f^H<}: oT^^jtlT^cS-^!!^^ 6 CCl^J^^PL. :^~^>r'7y^ 7 6 g t 
7.') h vJ^7;-r;V4 0 0 g '^iDx.m^ L^to 1 0 0t;T-6 Oi^mUW 

^mmm^^mm (ceo <dl-s s-t-s 2KM&^fitz&»m&^m&Lfztz. 

h 9 5%-C. \W^tz^>j^'m^^^\^X\i^fzo 
[0 0 6 4 ] 

ti:^. ^J^X^tzij-'^y-fy -J i; <r>\yi<&%\±Z 0 nm. )\^^ ^ V- YTlTv 

- ^ J: ^ D B P ISIM »i 3 50tnl/100g, J: Sib^ffi^Ji 8 0 0 

m' /g-e$)*o 

19 ^ iJ-^y-f'yy^ tit!)V~y^2^x)Vy:i-^ - h > U y ^ 7, t <DW^iti!)^9 0 : 1 
0 t^j:^ -:^m^^^m:^Lfzo ^<D^V -T^m^mKo^^X. CEC<^L- 

3 3-T-8 2\,zm.^^Ktz±S^m^^mi^Lfzt:L^9 3%-C. fgtlfe^^l!^&*^L 

[0 0 6 5] 

>9, -y rJ' *;v->r> * h n >y fc(^WfiJt**5 0 : 5 

0 t '5:;5) J: "9 tCi^*'; -;^^fife!^^S?itLfwo iO^^iJ - ;^^SfiS;!^^cov^T> CEC(7)L- 
3 3-T-8 2KM^^iifz±»mm'tm&\.fzt^^ S 0%-C. ^tLfc^:0-^^te*^L 

[0 0 6 6] 

19, 3&-**>'':7'-7 -y ^' *;w>"i7 A>?.;i/-7 * h n -jy ^J' 7. i:<?)®«Jt*« 1 0 : 9 
0 t J; 9 t^iJ-'U -;^^fifc!^«rMiit7to r<7>i/'; -7.5lifi5;!^Ho(/^T, CEC<7)L- 

3 3-T-8 2lc5a^$tL;t^53*^JK$riliJ^t7^ci:i%6 5 fgtL/t^^S-J^tt^^t L 

[0 0 6 7] 

C*iiF!)A 5] 

4 0 "CJ'^lt^filJteJ^T&^S 3 . 6 mm* / s <D^y ^ J^*) :^') - )V-r h 7 }V 5 
0 0 gtc*-**>:/^ -7 7 6 g^M^. 6 0 t:-c+^tcm*I^L/ro h^^. 

>?;U h-;w-r h vJ:-:^-r;U4 0 0 g^-hWx.mWLfz^ks 1 0 0 ri-Jn^LTto ^LX. T 

^ y^m^tf:^±m 1 0 g ^in^> ^ ^uitss-o^'MMa^^fv^^-'j -7>mti^#7t:o 

[0 0 6 8] 
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4 0 "CtC^lt^ltiteJ^^^ss 3. 6 mm* / s <^^> tJ'^ U U h h 9 5 
0 0 gi;> J^^iBS 0 0mgKOH/g<OifttS^te:^JV'v"i'AXJV7*^ - h 1 8 0 g =^ 

mwL. 5 o-x:izx-t^izmWLfzo ^cn. ^'^ms. 6g. mmi4. 4g, 

m . 2 g. y^l . 2g. Tkl. Z g, Ikl^ii^WiitU 2 ^ g^%\[k. 
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8 8 2 - 8 8 6 cm" ' <D\i:~ ^ i)^h^m.iJ )\''y ^ ^<Oi^%it {iJ )\^-^ ^ Y it) tmU^ 
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Cltt^ 8a<7)i!^';-7;5a^!^ (^ife^njA 1 -A 5:5l?>'Jti!!!faJA 1 ~A 3) IwOV^-C, ig« 

^lO'-;RW7KJ^^Sij^L;^c (JIS K2220 i::J:>g>)o 

S2 fif-i^ J; 9 5^J<^a^J <7)*IOl::fem$tlTv>^|^<itti. it*> J; oM^^^ 1 0 0 i: L 

loot Lfc^-^ic^tt^Ji*) xnM, 'mm<om^-^i3^o 
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1 a i:-#t^oTv^-g.$|li§|5#2 1 b h<Dm^. fem)±m?1 4 <): o -C0T^<7)Sm 
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m^-r^o ^^-^"^y hmi at. Mfit«L3igB7 B35^f)<^A;v;^5&'>> ht^ov^r, mm 
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^j:t'^^ibm^^fi. mn-ii!kmmn7'A^^tt>tzMi^^in.mnv'M^u^m^fzy)<Dii^m<^ 

[0 0 8 1 ] 

[ 0 0 8 2] 

l*l$SIel^itJK : 1 0 0 m i n" ' 

1 1^^x.*-7vT;vW« (F r ) :19. 6N 
Bmum : 6 . 2 V 
: 1 0 0 A 

-X^irt : 6 2 k n 
^H^fil^ : 4 or 
li^HKlSJ^ : 5 0 %RH 

<?5$iii$^in:^it^ 1 1 \^fzm^(^^nm'(^7FiLx$>^o 

[0 0 8 3] 

l^t^^n^ mv'^^e 2 0 2 VV. P^gl 5 mm, 3 5 mm, iPISmm) <^)^R^^ 
1*11::. ^(DmM<D3 5%<Dif') -;^mm.mi:%m\^. T^->TJI'^)I3 9. 2N*:ft^^t 
7tt»c^.T% 8 0*0, 9 0%RKizm^^fifzU&mmmP^i^^WLfzo ^(D^i^ii. 

i^^^LX\,^:hm<D^Ui:mm'(^m^Li-Zo ^LT. Ji)lT<7) i ^ '5: 9 > iJ^ lifpflfi L/co 
[0 0 8 4] 

# 7 :M<7)^^'5:L 

# 6 : 'y^^<DUA-^J:m$> "9 
#5:a#0. 3mmJiJlTc7),i^,iJt<7)M*'9 
#4:Egl. 0mmJiiT<7)^* 19 
#3:a@5. 0mm>MT<^^*l9 
#2:S@10. Ommi^T<^^^*9 

# 1 : WLMm<Dm3:^mKm^'^± 

75::^. # 7~# 5'SrR»^tt^$f t L. # 4 ~# 1 t L;to 

[0 0 8 5] 

WitS'r4<??if ffi^S:^ o -c D 

> m^mn-A^mnx^^fzo 

[0 0 8 6] 
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*M^JA 1 -A 5<7)^^V'-7.0Be!^*±:^;V'>'^A;;?.;V7*^- h n > -7° ^ 7;*-^^ L 
Tv>;g><7)T?, -?-ti?r-i-^LTv>^</^Jti^^JA 1 -^Jtil^^JA 3 i: Jt^T^c7)^^:6^-/i?75: < , 

[0 0 8 7] 

^jfe^jA 1 ~A bRv'itmmA 1 , A 2(o^'')-7.m.WLm<Dmm'\^, mmm.'^^, smtto 

-^J&^S ~ 9 5K»%OJ^-^ (l-'fefe*,. ■y^'<7)t!l-^{i9 5 --5S»%) tcf± 

[0 0 8 8] 

mtX. -etttjCDig^n*, J: ^JSt^^^tt (CEC<^L-3 3-T-8 2K%'&^Ktz^ 

Z.(T^ ^ "7 y if^h . ti#n*.J: ^JS'^igiE'Sr'bcTD (2 0 0 - 3 0 0) 1 1" ;S> *?) {i , if*, J: 
9^J(7>-^^»»± 5-3 5K*% i t5&i^55^So ii«*> i dit:*^2 0 0 - 

3 0 o<?)^^';-;^M^I&*5fe*u^^^l!j^af4, '(S:h;v'^'B.o'fft^jST*;i,7t*, tf$i^ 

^#l^il?igt;iSfflr^i t5?)^'-e|:^o 5^*5, Jf *, J: ^^JO-^:t«>in Hfi%<7)4i'g-<7)7'a 
[0 0 8 9 ] 

J4> i#*> J: ^j^J<7)-^^»J4 2 0Ma%J^:^T^:■f-^'£«^:6sab^^i::^^^3$^So 7t/iL> J^*> 
J: ^jSpJ<?>-g-^»*«3®«%*ti!|-C*&i:, flff^<7> J: -9 «; ^>^fi|it$ri^t^-r* CI i: ^^^S 
ilt JSt^cT^-e. i^-^ J; ^j^J<7)-^:^»{i 3-2 0 SS% i: 1"^ 'ii»^:^^*> ^ o 

C^iS'PB B 1 3 

[0 0 9 0 ] 

4 0 'Cici3tt^ill*i5J^:^>^3 3. 6 mm' / s <7>^> ^ i 'J U h ^ h 9 -X-;^ -r JH 

5 0 gt-v7i::^;Up« 4 . 4' - v-f Vv'T^- h 1 . 1 g §riPx.T. 6 0*Ct-jjD 
|yiL'C^^JCvifi^$-(t7tm> -^^n-.^v'jVT^ >0. 9 5 g ^ Ji'; 7; »; b -;w-r 
h7j:->^x;n 5 0 g^l)D^m#L7to 1 0 or-ee o^M«^^L;tm. isori-eio 

[ 0 0 9 1 ] 

^;i/->*7 ji^;vj:--t;h 4 0 g=S:J)n;tit^l^t;to ^^bt^^ T 5 ^^^-fblSiL^J 1 0 g:5. 

'^tz^ J^*) J: ^jJfiJ-C*:|)*->J^^y9 ^J' v'i? V'Tt<7)®S:J:bt4^ 9 5 : ST^o^tTo 
[0 0 9 2 ] 

i(^^^';-y!>ffi^i^tCO\/iT> CEC<^L-3 3-T-8 2 Hm5E^ tL^^^^fi^J^^lftlJ^ 

C*Jfi«?iJB 2] 

v-? l/TOJI#^<^^^fflS:'Sr'^x.^,i^i:, 4 0 t: lCi5tt^ii)Jte)t*^ 3 3 . 6 mm' /s 
(7)^y:?jiij7.'; h-^V-r h9J^;^7";i^t 4 CCl^iSJt^iftJteJlfidU 7. 1mm* /s 
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-p^T)'^ : a-:^\^y ^ >?a= 8 0 : 2 0) ^^mt \.xm\i^h^.t . ^m^^x\t%m 

nB 1 t|pl#lcLT. i3~-iS^y:ryyi7k'J^ V-T t <Og4Jtyi>^'9 0 : 1 Q'^hZ>V'} - 
[0 0 9 3] 

ic7)^*V -^^lafifctll^-^V^'C. C EC<7)L - 3 3 -T- 8 2 tiMS? ttfc^^S-J^^^iftlJ^ 

i^mmB 3] 

y ^ t-y^ UT t<DW*itt^5 0 : 5 0 "C^^ i^* 'J - 7.Msei^^#^v:o 
[0 0 9 4] 

^<7)^^'J -Tili^tll^ov^T. C EC<7)L - 3 3 -T- 8 2 l^mjE? *L;t^^j!^J^Sriia^ 
C^ife^JB 4] 

[0 0 9 5] 

i<7)^^'J-;^ja^!^i;ov>T^ CEC<^L- 3 3 -T-8 2 K^.'^^ ^tz^5^m^^m'& 

[0 0 9 6 ] 

Cittern) B 2 D 

4 OVK^n^Wj^^f^-A^? 5 mm' /sO/N'^^-f >^ii;?ft3 0 0 g l^-^ ~ ^> ^9 y 
4 0 g ^riJDx., 6 0 'CT-h:^liii#L;to ? ^> t^. "7 -f 1 5 3 . 5g^iJP 

X.tl:#L/ct^. 1 0 0 "Cl^SD^L^to ^ LT. 2, 6 - t - -T-^^V- p - U V*- -'W 

[0 0 9 7] 

(.StmMB 3] 

4 0 'Cl^^»t'i»i!)ttJ^7&^7 5mm* ys<D^^yy^ y^^m2 0 0 gl^v'^^^JV^^ 
y-4, 4' -vW->T^^ h 4 0 g«-lJlIx.T, 6 0'C^^»LT^#^r•^^j|$^3:>^:^^: 
, XJ^^iy )UT < y 3 5 g t^-<y y ^ y^m^2 0 5 g'kM^^WLfZo I 0 OX^'C 
6 O^Mi*#L;t^^. 1 5 OX^t-CtmLXz/^ 1^7 <D^mKm^mrT ^"^fzo 
[0 0 9 8] 

±iE<^^f^m:oT#t)tt7tii-^i^icT^ >mse<i:i?SjhjS'J 1 0 g s t/^;^ ^v? * ^ - 

cin.hsm<r>ir^)~y.mM {^mMB 1 -B b^zfitmMB I -B 3) K^\^^x.-mm 
%x nm'BiXfm^.^m'&Ltz (jis k222oicj:;5,)o ^ (d^^^ v - y^u^m 

<7)^|afiS;t#^^TS3^l£/g4 ICS i:ii>T^-ro '^^x S3:5.?^g4(7) rit*> J: ^ i^J<7)M 

J <oi^ici2K?tLTi/^;6ScfiSt±. i.^n±w^ loot L7t^-^ni5Jt^±i^^ i ^sy 

[0 0 9 9 ] 
[a 3] 
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c 









^0iJB3 


mmmM 


ll{iil0>JB5 






5 


1 0 


5 0 


9 0 


9 5 




9 5 


9 0 


5 0 


1 0 


5 




— 


— 


— 


— 


— 




8 


1 0 


2 0 


2 5 


4 0 




8 8 


8 6 


7 6 


7 1 


5 6 




4 


4 


4 


4 


4 




2 7 5 


2 7 0 


2 5 0 


2 6 0 


2 1 0 


mfS, (Tc) 


2 6 0 


2 6 0 


2 6 0 


2 6 0 


2 6 0 




0.0 5 


0.0 5 


0.0 8 


0.0 8 


0.2 2 




2. 1 


2. 7 


3. 4 


-3.0 


2. 3 



1 ) mm<f>mmtms.% 



[0 10 0] 
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— 




1 0 0 






1 0 0 






1 0 0 


_ 






1 0 


. 8 


1 5 




8 9 


9 0. 5 


8 1 




1 


1 . 5 


4 




2 6 5 


2 8 0 


2 8 0 




1 7 4 


2 2 0 


2 4 5 




1 


0.0 3 


1 - 4 




1 


1 - 4 


1. 8 



1 ) '^^<ow.^\%%fm 



[0101] 

(D^Z^Hs-t 6 3 0 6 V V> l*I@3 0 mm. W^l 2 mm, ipS 1 9 mm) ^rffl^L^Co 
[0 10 2] 

^^?)<7)i?i?ftaiiai$^. Il6tc;^1-J:T^ASTM D 1 7 4 l<7?*fc§#^f«J|^^lc^ 
4 9 0 N(7)T-C. 1 0 0 0 m i n" ' <?)lHl^iaj|P-e*- (HI^-i^T) J: »3 lel^;?-^, 

[0 10 3] 

iIiitX'r4<?)M^;i:^'a3:5l?>'^4 i::#^i:T^-ro 'S^is. a3:^o^'^4 tLTv^:i>^ 
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[0 1 0 4 J 

C» M^tT) If o T ] 

*M0!IB 1 -B 5<7)i5'''J y ^ ^r-^^ LT v>;|> <7)-c. ^fi^-^^ 

LTv^jSrV^itli^fiajB 1 ^Jti!l[«niB 3 t Jfc-<-C$g;&* i9«S<?5iSSi^it*Vh$ ^mt^A^^K 

X\^^fZo 

[0 1 0 5 J 

(f^it^if^) ^i/mmm m^mm) ^m^tmrnKLxmrnLtzo ^j:^. 

H^>tSt!j*i!iJt*«3 3 . 6 mm* / s "C*) i)^ :^ 'J .X 'J h - ;V-r h 9 JV^rffl 
[0 10 6] 

V7h%^tl^<d 5 ~ 5 t) r^^#l^56^^tLTi5 V) . 10-9 0 M«%-e$>i) 

h'm'^m'k-b^^h\'^^^X\,^:h^hii^^ii-^^o tfz. * - ^K^^ ^9 t^tfl-^^i* 5 ««% 

[0 10 7] 

> ^'D^'d-mm: (CEC<7)L-33-T-82 izm&^fifzi)<D) ^mmi^fzo if 

= 5 0 :5 0 t-^^— L;to t . Sffi {± > 4 0 *CHi5»t&lll5te)K:^>«3 3. 6 

mm'' /■ sX$>i>^y J^^) y.^} h-Jly-r h 7 f-;WSrfflV^ ;t o 
[0 10 81 

C^ifi'^J c 1 ] 

tir\ i^iT<7:>xoi^Lx. ^m^x^mm^^^f/ui^i^Lfzo 

[0109] 

4 0 'Ct;*5lt-S)ii*6JK7&S3 3 . 6mm' / s <7?^> ^ jh; ^ «J h - jWr h 7-2^;^-r;i' 2 
4 0gli. 1 2-t Kn + >/;^7"T'J >® 1. 4g*inx.> 9 OX:Ki}mLX^-^\^mm 
^^tzo 5 0%7KWt'lt')'f-^^iK'MWL0. 2 g^1)\lx.xm.WL. if A.'immRV 

^ hK. r-^y^ ymo. 4 3 g^M^Xi^--K^j:^txmWLfz-i^. 50%7Km<l:';^ 
"t; ATKviviJO. 2 g^M^XmWLfZo ^LX. 2 0 OriCiPSfcLTT-tf^-Y >'m<^tt^ 

[0 110] 

i<75 J: "9 i::LT#?>tL7t^i'&!^$r 6 0 "CtcJ^^pt. 3 8 g t^^^ Ji'J 

h-;w-r h vj^xx;v 2 0 0 g?riax.?^:o ^<o^*^ 7 5 y?^mtm±M 1 0 g;s.of:^ 
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[0 1 1 1 1 

C:<7)i5^iJ -7.j|aBfe!^iCOV^T, CEC(7)L-3 3-T-8 2 K^'^^flfz^^^m^^M)'^ 

;u-f h 9-x-;?.-r;w : « -:t v^-r ym= 8 o : 2 o) ^^mt Lxm^^h^t. 

[0 112] 

i<7)^'j -7>^Bfetll'ov^T. CEC<7)L-3 3-T-8 2 icmS^i tL;t&^^!SJt 4:iliJ5E 
L;t: t i ;?> 8 2 fgtL7^s:^:9-J»'r4=gr5t L-Cv^;^:o 
Cllifeeajc 3] 

')^^2^m-^^nA.<DWMm<D^mmi-^u^^^^m^x\i%mmc \ tw\mr^\^x. * 

[0 113] 

i<7)i5^«; -xia^i^i'ov^T. cEC<DL-3 3-T-8 2 izm.&^fitz±5i-mf§t^m^ 
c^ftBfimc 4] 

[0114] 

i<7)^u ->?>0gg;!^i'oi/^T. cEC<^L-3 3-T-8 2 Km^^fifz±»mm.^mm 
')^^j^m^^ifA.<7)WM^<D^m*^m^^,^.^m\^^xi±^mmc i ti^mi^tT. * 

o 

[0 115] 

iitmmc 2) 
CJtitenic 3D 

4 O'Clc^lt'&iJjJte^:^^? 5mm' / s <D^-^9y^ y^^mz 3 0 g 1 2 - 1: Kn 

z^y^y^T') yms 4 . ig^rinx.. 9 ot:nijnStLT^^n-^^?^/^o 5 0% 

*^<k'jf-'t;-t»7K-^?e[5. I gi:mx.xmWL. if^immRV&LTi^^fT'ofzo 

[0 116] 

>^1 0. 8 g^M^Xi^-K^ji^t-^mWLfz^k. 5 0%2K^<k'J^ 
':?A7Kv§-^5. 1 g^Jn^T^t#L;to ^LT, 2 0 or tijD^*!LTT^f9'f >®<^)tt^ 

^<D^k. ^^yy-i yM^m^ 2 0 0 g . r ^ y^l^^tm±M i o g , :s.?>^^ ;w:7 * - 

[0 1171 
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X o^l^V'mf^.^Wi&Lfz (J IS K 2 2 2 0 i;i:*) o ^ (Dm^^^ V ~ :^mM 

[0 118] 
[^5] 









^&iC3 


ll£t£0!lC4 


lli&0<JC5 






5 


1 0 


5 0 


9 0 


9 5 




9 5 


9 0 


5 0 


1 0 


5 




■ — 


— 


— 


— 


— 




8 


1 0 


2 0 


2 5 


4 0 




8 8 


8 6 


7 6 


7 1 


S 6 




4 


4 


4 


4 


4 




2 5 0 


2 6 0 


2 8 5 


2 5 0 


2 2 0 




2 5 0 


2 6 0 


2 6 0 


2 6 0 


2 6 0 




0.0 3 


0.0 4 


0.0 7 


0.0 9 


0. 1 6 




2. 1 


2. 8 


3. 0 


3. 2 


2. 3 



1 ) ^m<r>s^mfsm.% 



[0 119] 
[^6] 



0^ . 
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it«0iJCl 




Jt^0IJC3 






— 


— 


1 0 0 


:h—Tt^>y'5 -I/O 




1 0 0 






1 0 0 








1 0 


8 


1 0 




8 9 


9 0.5 


8 6 




1 


1 . 5 


4 




2 6 5 


2 8 0 


2 9 0 




1 7 4 


2 2 0 


2 4 5 




1 


0.0 3 


1 . 3 




1 


1. 4 


1 . 7 



1 ) l3tfi(D^fit($IIMH 



10 1 2 01 
[0 1 2 1 1 
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[0 12 2] 

^^m^^i^ov^T. ii-M^ (,mmm^^) Rifmm.^^ m^mm) ^m^^tmrni-Lxn 

fz. &mi^\±. 4 0 'Ct;i3»ti)|Jl*SJ^:6S3 3. 6 mm' / s -T?**^> V 7. U h - 
[0 12 3] 

A^'^aktA/<7)#J'^>&«9 5~5®»%-e*&t) iKrt#lfi?;6«@*t-Ci5«5> 1 0-9 OS 
[0 12 4] 

, ^<7>^^}!S^ (C ECcOL- 3 3-T- 8 2 KM&^ flfzii(7)) ^WMLtz. ^i3, Jt 

: 'J^':7A^#5^t^=5 0 : 5 o iM^it) icj^-L^co SrSt^Jix 4 ot^i^is 
»ti>i!l*SK*«3 3. 6 mm* / s "C** > tJ' 'J ;^ h - Jl^-r h ^ J^;^ -f ;VSrffl 

o 

[0 12 5] 

^'^mm<DWM'^^^^m l 0<7>^'*7'7H^i-o it*. ^ ^j^J<7)-^:t»/^)5 2 0««%liiT-C 
i^'J-J^Mfigf^JiS 0%WJitv^^«H;tit^^^=Jr^-r^i:5?>^39->5>^o 

[0 12 6] 

4 0 'CHi5tt^iJltt^:*^3 3 . 6 mm' / s <r>^y ^ J^') y^') h ~ V y 1 

5 0 gK. li-:^^ ^ri^)l^y'l^y^)^T^ }^M<D;<'^)l^J^y^-T}^l. Sg^llPx.. 13 
OX^KjjmLXmmLtZo -^(D^. l O 0'CJ'JlT^;^^^PL^ 5 0 %7fC®'fk:^ h >; A7Kv§ 

f0-TWi. 1 5 oricisv^-c^ Pjl^^^^' l 5. O g^ilDx, 
2 0 Ot:tT-ilD^L7to 
[0 12 7] 

±|E(7>f*{^lc J: oT^ibttTtii-^i^:^ 6 0 t:ii?t*PL> :b~^yy'yy 3 8 g t -^^^ 
J^'J X 'J h-^l^x h ^ j:->!>x;H 5 2 . 5 g JDx-T^Io 2, 6-v-t-y-f-JW 

: 5 X^-ofzo 
[0 12 8] 

Z<DV') ~y.m^^K^^^X. CECc7)L-33-T-82 IC^Se^ *t;t^35-«SJK^lll^ 
L7t t 9 5 %T-. i^fltz^^m'\±i^ LX\^^fZo 
D 2 ] 
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H*3tt^Sl}teJt;6^'3 3 . 6mm' X s (D^y ^ J^') :^') V ~ )\^7- Y y J^7.-t )V t 4 0 t 
izjs\f^m^^^^4 7 . 1mm' ^ 5 <D^V a Uy ^ y^t (T^W^^m iU^itii. 
H*Jt-c^ y'^j^') y>'} h-}VThyj:-y^7~)\^ : ^'V a-^i^y-i >m=s 0 : 20) =S: 
^mtLxm\^'^}^.t. ^^^^xii^mMD I tmm^Lx. ^-yi^yr^yi^ti^-:^ 

[0129] 

CII*feBniD3] 

V Ai:(75W«Jt;6^5 0 : 5 Q-Qii^^^) - 7.1^^m^%fZo 
[0 1 3 01 

-;^0Eg;i^liov>-C. C EC(7)L - 3 3 -T- 8 2 tL;t:^5-^¥fJ^=^i»J^ 
Lfc t CI ^> 8 2 f§*t/c±^»'f4^^ LTV^;^:, 

%W\\) 1 tlWI^I^lcLT, fi--if-yy'y V ^ h^--^ ^ ^ ^l^i^y-Vy 9 )\/r ^ YWl^ h 
A t oK»Jt;6n 0 : 9 0-C*i>^^"J ->;&^!^^#7^Co 
[0131] 

i(7)^^'J «-;2;Me&!^t'ov^T. C EC<?)L- 3 3 -T - 8 2 ttTt^^S^JK $rfflij^ 

L;t i: 5 5 %-C^o;t:o 

*Jfe^JD 1 i:|pl;fiic LT. * - >K > -^9 -^^ t N - ^ rJ' t^->;^x 7 ;VT 5 YM.^ Y 
[0 13 2] 

CJti^^JD 3] 

4 0'Cl::*5tt*ift*AJt*^7 5 mm' / s "7 -f >^^f* 1 5 0 g J^. N-^trJ'^T* 

v;i^-r ^;VT^ K®<7)p<^JWj:.;^-r;H 5 7 . Bg'^illx., l 3 0 "ClcljogtLT-^Jl^ 

L/Jo -^com. 1 0 0 t:iiilTici^*PL> 5 0 %7lcm'fk'^ h '>i=^7K•^■^^3 5 g«-i)Dx.;'co 

V>T:^ ?>»c/s-^7'f 5 0 g'Srinx.. 2 0 0 t "CiPl^ L^Co 

[0133] 

^<^)^^^ 2, 6 -V- t p vy*-;V't -7 1 --^-^-^juT^ y 

itLib 8flc7)^^';-;^M!^ (*i«gF!lD 1 ~D 5:5tl>^Jti5!fn)D 1 ~D 3) Hov^T. ?g#n 
^ i ^^'Et.Tim^^n'm.V.tz ( J I S K 2 2 2 0 lii^g.) o ^<r^^^^^') -T^mmn 

J <Tym\'^%m,%^x^^^m%.\t^ i ^sy^*^ i o o t \.fz^^\:.^\'s^n% 

[0 13 4] 
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K-^- h 'J OA 
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1 0 


5 0 


3 0 


9 5 




9 S 


9 0 


5 0 


1 0 


5 
















8 


1 0 


2 0 


2 5 


4 0 




9 0. 5 


8 8. 5 


7 8 5 


7 3 5 






1 . 5 


1 . 5 


1 . 5 


1 . 5 


1 . 5 




2 6 5 


2 7 0 


2 6 0 


2 7 0 


2 2 5 


>iS5/S (t ) 


2 4 0 


2 4 0 


2 4 5 


2 4 5 


2 4 6 


Jims (lASfemffi) 


0.0 4 


0.0 6 


0.0 7 


0.0 8 


0. 1 8 




2. 0 


2. 5 


2. 6 


2. 4 


2. 0 



1 ) nm<Dmmtn&.% 



[0135] 
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m-r K 'J o a' 


— 


— 


1 0 0 






1 0 0 








1 0 0 








1 0 


8 


3 5 




8 9 


9 0. 5 


6 3. 5 




1 


1 . 5 


1 . 5 




2 6 5 


2 8 0 


2 5 0 




1 7 4 


2 2 0 


2 1 5 




1 


0.0 3 


1 . 2 




1 


1 . 4 


1 . 5 



1 ) mmommtnmvo 



[0 13 6] 

3 0 6 V V^ 1*I#3 0 mm, 2 mm, ifig 1 9 mm) ^mMLtio 

[0 13 7] 
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